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(57) ABSTRACT

One object of the present invention 1s to provide a separation
process that enables the efficient separation of selenium,
tellurum, and platinum group elements from a material
containing selenium/tellurrum and platinum group elements.
In order to achieve this object, the invention provides a
separation process for platinum group elements comprising:
a step (A) for treating a material containing selenium/
tellurium and platinum group elements with alkali, a step (B)
for leaching selentum/tellurium, and a step (C) for separat-
ing the platinum group element-containing leaching residue
and the selenium/tellurium leachate.
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FIG. 1
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FIG. 2
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FIG. 3
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FIG. 4
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FIG. 5
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FIG. 6
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FIG. 7
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Fig. 8C
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METHOD FOR SEPARATING PLATINUM GROUP
ELEMENT

TECHNICAL FIELD

[0001] The present invention relates to a treatment process
that enables the efficient separation of selenium, tellurium,
and platinum group elements from a material containing
selenium/tellurium and platinum group elements. Further-
more, the present invention also relates to a separation
process that enables the efficient precipitation and separation
of residual gold from a platinum group element-containing
solution obtained by treatment of the material containing
selenium/tellurium and platinum group elements. A separa-
tion process of the present invention is ideal for a process for
separating and recovering selenium, tellurium, and platinum
ogroup elements from the reduction precipitate obtained by
reduction treatment of a post-gold extraction liquid m a
process for recovering noble metals from a copper electroly-
sis slime.

10002] In the present invention, a selenium/tellurium mix-
ture refers to a mixture of selentum and tellurium, and
describes, for example, the precipitate produced by neutral-
1zing the filtrate obtained by filtering the residue containing
platinum group elements from a post-gold extraction liquid
generated from a decoppered slime. Furthermore, a material
containing selenium/tellurium and platinum group elements
refers to a material that contains at least one of selenium and
tellurum, together with platinum group elements, and the
term selentum/tellurrum means selenium and/or tellurum.

BACKGROUND ART

[0003] Inthe copper electrolysis process conducted during
copper smelting, impurities that are insoluble 1n the elec-
trolyte are also generated as a residual by-product. This
by-product contains significant quantities of platinum group
clements such as Pt, Rh, Ir and Ru, as well as selenium,
tellurum, gold, silver and copper. Many processes have
already been proposed for separating and recovering these
metals. For example, platinum group elements are recovered
from the silver anode slime produced during a silver refining
step, and from the slime generated by adding nitric acid to
this slime, leaching out the metal components other than
oold, and then reducing the residue. Conventionally, 1n order
to dissolve these slimes, dissolution 1n aqua regia, dissolu-
tion 1n hydrochloric acid and hydrogen peroxide, or disso-
lution 1n hydrochloric acid under a stream of chlorine gas is
conducted.

10004] However, in the case of a material containing
selenium/tellurium and platinum group elements, 1n which
selenium and/or tellurium coexist with the platinum group
clements, 1f reduction 1s used to generate a precipitate, then
the platinum group elements form compounds with the
selenium/tellurium, which are then very difficult to dissolve
In aqua regia, or hydrochloric acid and hydrogen peroxide,
meaning separation and recovery becomes impossible.
Hydrogen peroxide decomposes on the surface of selenides,
and 1s consequently effectively unable to function as an
oxidizing agent. Furthermore, a process for roasting these
compounds to effect a vapor state separation of selenium
oxide and tellurium oxide has also been proposed, although
the toxicity of these materials leads to significant environ-
mental problems.
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[0005] A process for separating platinum group elements
and selenium/tellurium contained 1n a post-gold extraction
liquid generated from a copper electrolysis slime, 1n which
the chlorine 10n concentration 1n the liquid 1s maintained at
no more than 1.5 mol/L, while sulfur dioxide gas with a
concentration of 8 to 12% 1s bubbled through the liquid at a
temperature of 60 to 90° C., thus reducing and precipitating
the platinum group elements (Japanese Unexamined Patent
Application, First Publication No. 2001-316735), and a
process for obtaining the extraction residue produced by
solvent extraction of gold and platinum group elements from
the hydrochloric acid leachate obtaimned from a copper
clectrolysis slime, and then introducing sulfur dioxide to the
post-extraction liquid to reduce and precipitate the selenium/
tellurium (Japanese Patent No. 3,087,758, and Japanese
Unexamined Patent Application, First Publication No. 2001 -

207223) are already known.

[0006] However, in these processes, because a large num-
ber of parameters must be controlled during the selentum
reduction, such as the hydrochloric acid concentration, the
temperature, the sulfur dioxide gas concentration, and the
sulfur dioxide gas flow rate, control of the process 1is
difficult, leading to a reduction in the recovery rates for the
platinum group elements and selenium/tellurium. In addi-
fion, managing the steps 1n the two-stage reduction treat-
ment using sulfur dioxide 1s extremely difficult, and some
incorporation of selentum/tellurium or platinum group ele-
ments in the precipitates 1s unavoidable, meaning separation
that relies solely on sulfur dioxide reduction 1s unsatisfac-
tory. Furthermore, separating platinum group elements and
selenium/tellurium using solvent extraction 1S an expensive
process, and the recovery treatment required following the
extraction 1s both complex and time-consuming.

[0007] A process in which, instead of using treatment with
hydrochloric acid and sulfur dioxide, the copper electrolysis
slime 1s subjected to a leaching treatment 1n a sulfuric acidic
solution under pressurized oxygen-enriched gas (Japanese
Unexamined Patent Application, First Publication No. Hei
5-311258), and a process in which, following leaching of the
copper electrolysis slime 1n a sulfuric acidic solution under
pressurized oxygen-enriched gas, the leachate 1s desilvered
by treatment with chlorine 10ons and a sodium thiosulfate
solution, and copper is then added (Japanese Unexamined
Patent Application, First Publication No. Hei 5-311264)
have also been proposed. However, these types of processes
that use copper under conditions of pressurized, oxygen-
enriched gas are difficult to manage and very costly, and are
consequently impractical.

[0008] Other known processes include a process in which
an oxidizing agent 1s used to oxidize metallic selentum, and
the resulting product is then neutralized with an alkali metal
carbonate or hydroxide, thus forming an alkali metal sel-
enate (Japanese Unexamined Patent Application, First Pub-
lication No. Sho 60-176908), a process in which a selenium-
containing material 1s reacted with an alkali metal carbonate
to generate an aqueous slurry, and this slurry 1s then baked
in an oxidizing atmosphere to produce pellets, which are
then subjected to water leaching (Japanese Unexamined
Patent Application, First Publication No. Sho 56-5306), a
process 1n which a tellurium-containing slime 1s dissolved in
a mineral acid 1n the presence of an oxidizing agent, an alkali
1s then added to the solution to precipitate and separate the
copper, and the remaining solution i1s then neutralized to
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precipitate out the tellurium (Japanese Unexamined Patent
Application, First Publication No. Sho 56-84428), and a
process 1n which a raw material such as a copper electrolysis
slime 1s treated with a strong acid such as hydrochloric acid,
and also with an oxidizing agent such as chlorine 1if the raw
material includes compounds, and butyl carbitol is then used
as the solvent for extracting tellurium (Japanese Unexam-
ined Patent Application, First Publication No. 2000-
239753). However, all of these processes have a large
number of steps, and the recovery rates for selenium/
tellurtum are also low.

[0009] The present invention solves the above problems
associated with the conventional technology, and has an
object of providing a separation process which enables
selenium/tellurium and platinum group elements to be easily
and efficiently separated from a material containing sele-
nium/tellurium and platinum group elements.

[0010] Furthermore, as described above, when a separa-
fion process that relies on vaporization by roasting 1s applied
to selenium, a large proportion of the selenium becomes
hexavalent, which places a large load on the subsequent
waste water treatment.

[0011] Accordingly, the present invention provides a pro-
cess for dissolving a material that contains both platinum
ogroup elements and selenium, which 1s capable of resolving
the above problems associated with conventional processes,
by providing a dissolution separation process that enables
efiicient leaching of selenium, thus enabling separation from
platinum group elements.

[0012] In addition, as described above, managing the steps
In a two-stage reduction treatment using sulfur dioxide is
extremely difficult, and some 1ncorporation of selenium or
platinum group elements 1n the precipitates 1s unavoidable,
meaning separation that relies solely on sulfur dioxide
reduction 1s unsatisfactory. Furthermore, processes in which
platinum group elements are removed by solvent extraction,
and subsequently separated from selenium and/or tellurium
are expensive, and the recovery treatment required follow-
ing the extraction 1s time-consuming. Moreover, each of
these processes describes the separation of platinum group
clements and selenium that already coexist within a solution,
and do not relate to the dissolution of a process precipitate

that contains platinum group elements and selenium and the
like.

[0013] Each of the selenium and tellurium recovery pro-
cesses described above 1s a process 1 which the selenium
and/or tellurtum 1s oxidized and solubilized, but none of
these processes enables the separation of platinum group
clements from selenium at the dissolving stage.

[0014] Furthermore, in the recovery of rhodium, which is
one of the platinum group elements, rhodium 1s very sus-
ceptible to oxidation, forming a very insoluble rhodium
oxide, and 1s consequently very difficult to dissolve. A
process for separating rhodium from a precipitate that con-
tains noble metals, 1n which the noble metal-containing
precipitate 1s heated with a carbon based reducing agent, and
the resulting reduction product i1s reacted with a sulfating
agent, thus forming a rhodium sulfate is known (Japanese
Unexamined Patent Application, First Publication No. Hei
5-125461), although this process suffers from low yields and
the requirement for a high treatment temperature.
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[0015] The present invention provides a solution treatment
process for a material that contains both platinum group
clements and selenium, which 1s capable of resolving the
above problems associated with conventional processes, by
providing a treatment process in which selenium 1s dissolved
selectively and separated efliciently from platinum group
clements, and the platinum group elements remaining in the
solid fraction are then dissolved and recovered.

[0016] In addition to the processes described above,
known tellurtum recovery processes include a process 1n
which an anode slime produced during the electrolytic
refining of copper or nickel 1s subjected to a wet treatment
to separate the 1nsoluble silver compounds, which are sub-
sequently leached with ammonia or the like to separate the
silver, while the resulting residue that contains tellurium 1s
leached with sodium carbonate (Japanese Unexamined
Patent Application, First Publication No. 2001-11547), and
a process 1n which the tellurium-containing filtrate generated
during the solvent extraction of gold is reduced to precipitate
the selenium, and the remaining filtrate 1s then returned to
sulfuric acid pressurized leaching conditions for leaching
into the decoppered leachate (Establishment of copper pre-
cipitate wet treatment technology, Journal of the Mining and
Materials Processing Institute of Japan, Vol. 1116, p. 484,
2000). However, processes for recovering tellurium from
insoluble silver compounds suffer from poor tellurium
migration rates. Furthermore, 1n processes 1n which the
tellurtum-containing filtrate 1s returned to pressurized leach-
ing, the leaching rate 1s unsatisfactory if the tellurium 1s in
metal form, causing an undesirable increase in the holdup
volume 1n the process.

[0017] The present invention resolves these problems
assoclated with the conventional treatment processes, by
providing a treatment process 1n which a mixture of sele-
nium and tellurrum 1s alloyed with copper, this alloy 1is
subjected to copper electrolysis to recover electrolytic cop-
per and generate a selenium and tellurium slime, and leach-
ing of this copper electrolysis slime 1s then used to leach out
the tellurium and separate the selentum, thus enabling the
selenium and tellurium to be processed with good efficiency.

[0018] As described above, in the copper electrolysis
process of a copper smelting process, 1impurities that are
insoluble 1n the electrolyte are generated as a residual
by-product. This by-product contains significant quantitics
of gold, silver, copper, platinum group elements such as P,
Rh and Ru, as well as Se and Te. Many processes have
already been proposed for separating and recovering these
noble metals. For example, a decoppered slime can be
subjected to chlorination leaching, with silver and lead being
recovered from the resulting residue, and gold being recov-
ered from the leachate by a solvent extraction process. The
residual liquid following this gold extraction contains plati-
num group elements, as well as Se and Te. This post-gold
extraction liquid is then subjected to a reduction treatment
by introducing sulfur dioxide gas into the system, the 1nitial
selenium precipitate that first 1s subjected to distillation to
recover high purity selenium, and the resulting distillation
residue 1s subjected to alkali melt treatment to effect a
separation 1mnto a selenium-containing leachate and a plati-
num group element-containing residue, whereas the tellu-
rium that 1s precipitated by continuing the introduction of
sulfur dioxide gas 1nto the above residual liquid 1s subjected
to alkali leaching treatment to effect a separation into a
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selenium/tellurium-containing leachate and a platinum
ogroup element-containing residue, and selenium and tellu-
rium, and the platinum group elements are then recovered
from this leachate and residue respectively.

[0019] In this type of noble metal recovery system, the
ogold recovery process has conventionally employed a
known solvent extraction process that uses dibutyl carbitol
(DBC) (Japanese Unexamined Patent Application, First
Publication No. Sho 57-79135). A process in which an
aqueous solution of oxalic acid 1s added to the extracted
solution to reduce and precipitate the gold i1s also known
(Japanese Unexamined Patent Application, First Publication
No. 2001-316735). However, solvent extraction processes
that use DBC typically leave approximately 0.3% of the
solvent 1n the post-extraction liquid. This residual solvent
can be separated by distillation, but the small quantity of
oold contained 1n the solvent remains, and a process for
ciiciently removing this gold during the subsequent steps 1s
much sought after.

[0020] Furthermore, a process in which oxalic acid is
added to the chlorination leachate from a copper electrolysis
slime, and the resulting precipitate 1s treated with nitric acid
and melted by heating (Japanese Examined Patent Applica-
tion, Second Publication No. Sho 64-3930), and a process in
which bis(2-butoxyethyl)ether 1s mixed with the chlorina-
tion leachate from a copper electrolysis slime, the gold 1s
extracted 1nto the organic phase by adding ether, this organic
phase 1s scrubbed with hydrochloric acid, and then oxalic
acid is added to reduce gold (Japanese Patent No. 3,087,758)
are also known. However, processes 1n which gold 1s selec-
tively reduced using oxalic acid suffer from extremely slow
reaction rates 1n those cases where the chloride 10n concen-
tration of the chlorination leachate from the copper elec-
trolysis slime 1s high, making the gold reduction step prac-
tically impossible.

[0021] On the other hand, a process that uses hydroxy-
lamine hydrochloride, nitrous acid, or sulfurous acid as the
reducing agent for extracting gold from gold-containing
materials is also known (Japanese Unexamined Patent
Application, First Publication No. He1 2-97626). Further-
more, a process 1n which an alkylhydroxylamine 1s used as
a complexing agent during the electroplating of palladium
and gold and the like has also been disclosed (Japanese
Unexamined Patent Application, First Publication No. Hei
2-221392). However, the quantity of gold remaining within
the post-gold extraction liquid generated from a decoppered
slime 1s minimal, and the quantities of selentum, tellurium,
and platinum group elements are higher, and consequently
even 1L hydroxylamine hydrochloride or an alkylhydroxy-
lamine 1s added directly to this post-gold extraction liquid,
an efficient recovery of gold 1s impossible.

[0022] The present invention seeks to overcome the above
problems associated with conventional processes for recov-
ering gold from a material contamning selenium/tellurium
and platinum group elements generated by treatment of the
chlorination leachate from a copper electrolysis slime, by
providing a process that enables the efficient separation and
recovery of gold contained within such a material containing
selenium/tellurium and platinum group elements.

DISCLOSURE OF INVENTION

[0023] In order to achieve the above objectives, the
present mnvention provides a separation process for platinum
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group elements comprising: a step (A) for treating a material
containing selenium/tellurium and platinum group elements
with alkali, a step (B) for leaching selenium/tellurium, and
a step (C) for separating the platinum group element-
containing leaching residue and the selenium/tellurium
leachate.

[0024] In the above separation process, the step (A) for
freating a material containing selenium/tellurium and plati-
num group elements with alkali 1s preferably an alkali melt
process, wherein a flux comprising a mixture of caustic soda
and sodium mnitrate 1s added to the material containing
selenium/tellurium and platinum group elements, and the
mixture 1s melted by heating to a temperature exceeding the
eutectic temperature of the flux, the step (B) for leaching
selenium/tellurium 1s preferably a water leaching step for
leaching the obtained melt with water, and the step (C) for
separating the platinum group element-containing leaching
residue and the selenium/tellurium leachate 1s preferably a
step for conducting a solid-liquid separation using water
leaching, thus separating the mixture into a liquid fraction
contamning sodium selenite, and a residue containing plati-
num group elements.

[0025] In the above separation process, the molar ratio
between the caustic soda and the sodium nitrate 1s preferably
within a range from 75:25 to 85:15.

[0026] Inthe above separation process, hydrogen peroxide
and hydrochloric acid are preferably added to the residue
contaimning platinum group elements to dissolve the platinum
group elements.

[10027] In the above separation process, the material con-
taining selenium/tellurium and platinum group elements 1s
preferably an extraction residue process precipitate left after
a solvent extraction has been used to separate gold from the
hydrochloric acid leachate from a decoppered slime.

[0028] In the above separation process, the aforemen-
tioned material containing selentum/tellurium and platinum
ogroup elements 1s preferably a distillation residue produced
by converting a decoppered slime to a slurry by adding
hydrochloric acid and hydrogen peroxide, filtering this
slurry to separate leaching residue containing primarily
silver, and a leachate containing gold, platinum group ele-
ments, selentum and tellurium, subsequently adjusting the
liquid characteristics of the leachate and using a solvent
extraction to extract gold from the leachate, adding sulfur
dioxide to the post-extraction liquid to sequentially reduce
and precipitate out selenium and then tellurium, and then
heating the precipitated material containing platinum group
clements and selentum to concentrate the platinum group
clements, while distilling and separating off selenium.

[0029] In the above separation process, the step (A) for
freating a material containing selenium/tellurium and plati-
num group elements with alkali, and the step (B) for
leaching selenium/tellurium are preferably conducted simul-
taneously as an alkali leaching process, wherein the material
containing selenium/tellurium and platinum group elements
1s leached with alkali at high temperature, causing the
selenium/tellurium to migrate into the liquid, and a solid-
liquid separation 1s then conducted to separate the mixture
into a solid fraction containing platinum group elements,
and a liquid fraction containing selenium/tellurium.

[0030] In the above separation process, an oxidizing agent
1s preferably added to the separated solid fraction generated
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in the solid-liquid separation under acidic conditions using
hydrochloric acid, thus dissolving the platinum group ele-
ments.

[0031] In the above separation process, the material con-
taining selenium/tellurium and platinum group elements 1s
preferably leached with alkali at high temperature, causing,
the tellurrum to migrate into the liquid with the selenium,
thus effecting a separation from the platinum group ele-
ments.

[0032] In the above separation process, the material con-
taining selenium/tellurium and platinum group elements 1s
preferably leached using an alkali which concentration is at
least 1 mol/L, at a temperature of at least 60° C.,

[0033] In the above separation process, hydrochloric acid
and either hydrogen peroxide or chlorine gas are preferably
added to the solid fraction from the solid-liquid separation
performed after the alkali leaching, thus dissolving the
platinum group elements.

[0034] Inthe above separation process, the platinum group
clements preferably comprise one or more of rhodium,
ruthenium, palladium and platinum.

[0035] In the above separation process, the material con-
taining selenium/tellurium and platinum group elements 1s
preferably an extraction residue process precipitate left after
a solvent extraction has been used to separate gold from the
hydrochloric acid leachate from a decoppered slime.

[0036] In the above separation process, the aforemen-
tioned material containing selentum/tellurium and platinum
ogroup elements 1s preferably a filtered precipitate produced
by converting a decoppered slime to a slurry by adding
hydrochloric acid and hydrogen peroxide, filtering this
slurry to effect a separation into a residue containing pri-
marily silver, and a leachate containing gold, platinum group
clements, selenium and tellurium, subsequently adjusting
the liquid characteristics of the leachate and using a solvent
extraction to separate gold from the leachate, adding sulfur
dioxide to the post-extraction liquid to precipitate either
selenium or tellurium, and then subjecting this precipitate to
solid-liquid separation.

[0037] The above separation process preferably com-
Prises:

[0038] an alkali melt process (1), comprising a step
for adding a flux comprising a mixture of caustic
soda and sodium nitrate to a residue from a distilla-

tion treatment of a material containing selenium/
tellurtum and platinum group elements, and then
heating to a temperature exceeding the melting
(eutectic) temperature of the mixture, thus dissolving
the selenium/tellurium as the aforementioned step
(A) for conducting the alkali treatment, a step for
conducting water leaching as the aforementioned
step (B) for leaching selenium/tellurium, and further
comprising the aforementioned step (C) for separat-
ing the platinum group element-containing leaching
residue and the selenium/tellurium leachate, and

[0039] an alkali leaching process (i1), comprising a
step for leaching a material containing selenium/
tellurtum and platinum group elements with alkali at
high temperature as the aforementioned step (A) for
conducting the alkali treatment and the aforemen-
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tioned step (B) for leaching selenium/tellurium, and
further comprising the aforementioned step (C) for
separating the platinum group element-containing,
leaching residue and the selenium/tellurium
leachate.

[0040] In the above separation process, a solution con-
taining selenium/tellurium and platinum group elements 1s
preferably subjected to a reduction treatment, and the resi-
due generated by subjecting a portion of the resulting
reduction precipitate to distillation treatment is then sub-
jected to alkali melt treatment, while the residual reduction
precipitate 1s subjected to alkali leaching treatment.

[0041] In the above separation process, sulfur dioxide gas
1s introduced 1nto a post-gold extraction liquid of a noble
metal recovery system for a copper electrolysis slime to
effect a reduction treatment, and the residue generated by
subjecting the selenium that precipitates first to distillation
to effect a separation of high purity selenium 1s preferably
subjected to alkali melt treatment, whereas the tellurtum that
precipitates next 1s preferably subjected to alkali leaching
treatment.

[0042] In the above separation process described above,
the leachate obtained 1n the water leaching of the alkali melt
process 1s preferably recycled to the alkali leaching process,
and subjected to alkali leaching together with the material
containing selenium/tellurrum and platinum group elements.

[0043] In the above separation process, the leachate
obtained 1n the alkali leaching process is preferably neutral-
1zed by adding sulfuric acid or hydrochloric acid, thus
precipitating selenium/tellurrum.

10044] In the above separation process, hydrochloric acid
1s preferably added to the leaching residue generated in the
alkali leaching process and the alkali melt process in the
presence of an oxidizing agent, thus dissolving the platinum
group €lements.

[0045] In the above separation process, a selenium/tellu-
rium mixture 1s preferably obtained from the aforemen-
tioned selenium/tellurium leachate, and the obtained sele-
nium/tellurium mixture 1s then introduced into a copper
smelting and refining process to generate an alloy of sele-
nium and tellurtum with copper, this alloy 1s subjected to
copper electrolysis to recover electrolytic copper, while
accumulating selentum and tellurtum within the copper
electrolysis slime, and this copper electrolysis slime 1s then
subjected to sulturic acid oxidizing leaching, thus dissolving
and separating the tellurium from the selenium which
remains in the leaching residue.

[0046] In the above separation process, a selenium/tellu-
rium mixture 1s preferably obtained by adding sulfuric acid
or hydrochloric acid to the selenium/tellurium leachate
obtained 1n the atorementioned alkali leaching process, thus
neutralizing the leachate and precipitating the selenium/
tellurium mixture, and the obtained selenium/tellurium mix-
ture 1s then introduced into a copper reflning process to
generate an alloy of selenium and tellurium with copper, this
alloy 1s subjected to copper electrolysis to recover electro-
lytic copper, while accumulating selenium and tellurium
within the copper electrolysis slime, and this copper elec-
trolysis slime 1s then subjected to sulfuric acid oxidizing
leaching, thus dissolving and separating the tellurium from
the selenium which remains 1n the leaching residue.
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10047] In the above separation process, a selenium/tellu-
rium mixture 1s preferably obtained by adding the selenium/
tellurum leachate obtained in the aforementioned alkali
melt process to the material containing selenium/tellurium
and platinum group elements used in the aforementioned
alkali leaching process, conducting alkali leaching, and then
adding sulfuric acid or hydrochloric acid to the resulting
leachate to neutralize the leachate and precipitate the sele-
nium/tellurtum mixture, and the obtained selenium/tellu-
rium mixture 1s then mtroduced 1nto a copper smelting and
reflning process to generate an alloy of selenium and tellu-
rium with copper, this alloy 1s subjected to copper electroly-
sis to recover electrolytic copper, while accumulating sele-
nium and tellurtum within the copper electrolysis slime, and
this copper electrolysis slime 1s then subjected to sulfuric
acid oxidizing leaching, thus dissolving and separating the
tellurum from the selenium, which remains in the leaching
residue.

[0048] In the above separation process, the material con-
taining selenium/tellurium and platinum group elements 1s
preferably a reduction precipitate produced by introducing
sulfur dioxide gas into a post-gold extraction liquid and
conducting a reduction treatment.

10049] Inthe above separation process, following leaching
of tellurtum by sulfuric acid oxidizing leaching of the copper
electrolysis slime, the leachate 1s preferably contacted with
metallic copper and the resulting copper telluride 1s recov-
ered.

[0050] In the above separation process, hydrochloric acid
1s preferably added to the obtained residue containing plati-
num group elements in the presence of an oxidizing agent,
a solid-liquid separation 1s conducted, and hydroxylamine
hydrochloride 1s then added to the filtered platinum group
clement-containing solution to selectively reduce and pre-
cipitate the gold.

[0051] In the above separation process, alkali treatment of
the material containing selenium/tellurium and platinum
ogroup elements 1s preferably conducted at high temperature.

[0052] In the above separation process, hydrochloric acid
1s preferably added to the obtained residue containing plati-
num group elements in the presence of an oxidizing agent,
a solid-liquid separation 1s conducted, and hydroxylamine
hydrochloride 1s then added to the filtered platinum group
clement-containing solution to selectively reduce and pre-
cipitate the gold.

[0053] In the above separation process, the post-gold
extraction liquid of a noble metal recovery system for
copper electrolysis slime 1s preferably used as the material
containing selenium/tellurrum and platinum group elements,
and sulfur dioxide gas 1s introduced into this post-extraction
liquid to effect a reduction treatment, and the distillation
residue generated by subjecting the selenium that precipi-
tates first to distillation to effect a separation of high purity
selenium 1s subjected to alkali melt treatment to separate a
residue containing platinum group elements, whereas the
tellurum that precipitates on further sulfur dioxide gas
introduction 1nto the post-extraction liquid 1s subjected to
alkali leaching treatment to separate a residue containing
platinum group elements, and these residues containing,
platinum group elements are then combined and used.
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BRIEF DESCRIPITION OF THE DRAWINGS

[0054] FIG. 1 is a process drawing showing an outline of
a solution separation process of the present invention, show-
ing the steps for separating both selenium/tellurium and
platinum group elements from a material containing sele-
nium/tellurium and platinum group elements.

[0055] FIG. 2 is a process drawing showing an outline of
the steps from treatment of a decoppered slime through to
the separation process shown in FIG. 1.

[0056] FIG. 3 is a process drawing showing an outline of
a separation process of the present invention, showing other
steps for separating both selenium/tellurium and platinum

ogroup elements from a material containing selentum/tellu-
rium and platinum group elements.

[0057] FIG. 4 is a process drawing showing an outline of
the steps from treatment of a decoppered slime through to
the separation process shown in FIG. 3.

[0058] FIG. 5 is a process drawing showing an outline of
a separation process of the present invention, showing other
steps for separating both selenium/tellurium and platinum
ogroup elements from a material containing selentum/tellu-
rium and platinum group elements.

10059] FIG. 6 1s a process drawing showing an outline of
a separation process of the present invention, showing steps
for separating selenium and tellurium from a selenium/
tellurum mixture.

[0060] FIG. 7 is a process drawing showing an outline of
a separation process of the present invention, showing steps
for separating residual gold from a solution containing
platinum group elements.

10061] FIG. 8A, FIG. 8B and FIG. 8C are process
drawings showing outlines of separation processes of the
present mnvention, showing the steps of a preferred combi-
nation of separation processes of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0062] As follows is a more detailed description of a
separation process of the present invention.

[0063] A first separation process of the present invention
1s described using F1G. 1. As shown 1n the figure, the first
separation process of the present invention i1s a solution
freatment process for a material containing selenium and
platinum group elements, wherein a flux comprising a
mixture of caustic soda and sodium nitrate 1s added to the
material containing selenium and platinum group elements,
the mixture 1s melted by heating to a temperature exceeding
the eutectic temperature of the flux, and the resulting melt 1s
leached with water to effect a solid-liquid separation, thus
separating the mixture into a liquid fraction containing
sodium selenite, and a residue containing platinum group
clements.

[0064] The material containing selenium and platinum
ogroup elements can use, for example, the extraction residue
ogenerated following solvent extraction of gold from the
hydrochloric acid leachate from a decoppered slime. This
decoppered slime contains large quantities of valuable met-
als such as gold, silver, platinum group elements, selenium
and tellurium. The treatment process for the slime 1s shown
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in F1G. 2. As shown 1n the figure, the decoppered slime 1s
converted to a slurry by adding hydrochloric acid and
hydrogen peroxide, and this slurry 1s then filtered to separate
a leaching residue containing primarily silver from a
leachate containing gold, platinum group clements, sele-
nium and tellurium. Following adjustment of the liquid
characteristics of the leachate, a solvent extraction 1s used to
extract gold from the leachate. The post-extraction liquid
contains the residual platinum group elements, selenium and
tellurtum. Sulfur dioxide 1s then added to this post-extrac-
tion liquid to sequentially reduce and precipitate out sele-
nium and then tellurtum. Tellurium has a lower reduction
potential than selenium, and tellurium precipitates out after
the precipitation of selenium, and thereby tellurium and
selenium can be separated with each other. Due to this
reduction, platinum group elements are precipitated together
with selenium, and the precipitate containing platinum
oroup elements and selenium can be heated to concentrate
the platinum group elements and distill off the selenium. The
residue following distillation and separation of selenium
contains platinum group elements and undistilled selenium.

[0065] Materials containing selenium and platinum group
elements, such as the above distillation residue, are com-
bined with a flux comprising a mixture of caustic soda
(NaOH) and sodium nitrate (NaNO;), and the resulting
mixture 1s melted by heating to a temperature exceeding the
cutectic temperature of the flux. This heating and melting
converts the selenium to a mainly tetravalent state, gener-
ating sodium selenite (Na,SeO,) which subsequently dis-
solves. The reason for using a mixture of caustic soda and
sodium nitrate as the flux is that 1f only caustic soda 1s used,
then supply of oxygen from the atmosphere 1s madequate,
leading to the production of sodium selenide (Na,Se), and
this sodium selenide converts to metallic selenium and
precipitates during water leaching, meaning the platinum
oroup elements and selenium cannot be physically sepa-
rated. Furthermore, 1f only sodium nitrate is used as the flux,
then the oxidizing power becomes overly strong, leading to
an 1ncrease 1n the proportion of undesirable hexavalent
selenium.

[0066] In order to enable a reduction in the melting
temperature, the composition of the flux 1s preferably close
to a eutectic composition. Specifically, the ratio of caustic
soda: sodium nitrate 1s preferably within a range from 75:25
to 85:15 (molar ratio). Furthermore, the heating temperature
must be at least the eutectic temperature of the flux (258°
C.), and because the flux must have an adequate fluidity and
be capable of leaching the selenide materials, a temperature
within a range from 350 to 450° C. is preferred. At tem-
peratures within this range, the sodium nitrate (NaNO,)
generates oxygen but is less likely to generate NOXx, whereas
if the temperature exceeds the above range, the proportion of
NOx generation increases, and the oxidizing power also
strengthens, increasing the proportion of hexavalent sele-
nium.

[0067] Following addition of the above flux to the material
containing selenium and platinum group elements, and
subsequent heating to melt the flux, the melted product is
leached with water to effect a solid-liquid separation.
Sodium selenite dissolves 1 water, whereas the platinum
group elements remain 1n the residue, and consequently by
conducting water leaching of the above melt and then
filtering, the mixture can be separated into a filtrate con-
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taining sodium selenite and a solid residue containing plati-
num group clements. The filtrate contains essentially no
platinum group elements, indicating an effective separation
of selenium from the platinum group elements. The platinum
oroup eclements contained within the solid residue are
leached by adding an oxidizing agent such as hydrogen
peroxide, together with hydrochloric acid. The resulting
mixture 15 then filtered to enable the recovery of a filtrate
contamning the platinum group elements.

[0068] Accordingly, according to a first separation process
of the present invention, the type of platinum group element
selenide material that 1s essentially insoluble 1n conventional
industrial wet processes, can be almost completely dis-
solved, and the production of hexavalent selentum, which
remains a problem 1n dry processes, can be suppressed to
low levels. Furthermore, only water 1s required for dissolv-
ing the selenium and leaching it from the melt, meaning the
treatment costs can be reduced.

[0069] As follows is a description of a second preferred
separation process of the present invention, using FI1G. 3. As
shown 1n FIG. 3, this second separation process of the
present 1nvention 1s a separation process 1n which the
material containing selenium and platinum group elements
1s leached with alkali at high temperature, causing the
selenium and the like to migrate into the liquid, and a
solid-liquid separation 1s then conducted to separate the
mixture 1nto a solid fraction containing platinum group
clements and a liquid fraction containing selenium and the

like.

[0070] Another form of the second separation process of
the present mvention further comprises a platinum group
clement dissolution and separation process, wherein hydro-
chloric acid and an oxidizing agent are added to the sepa-
rated solid fraction generated by alkali leaching, thus dis-
solving the platinum group elements. Furthermore, the
second separation process also mncludes a process wherein
the high temperature alkali leaching causes the migration of
both selenium and tellurium into the liquid phase, thus
cllecting a separation from the platinum group elements, and
a process wherein the platinum group elements comprise
one or more of rhodium, ruthenium, palladium and plati-
num. In the present invention, a material containing sele-
nium and platinum group elements refers to a material that
contains platinum group elements such as rhodium, together
with selenium and the like. Furthermore, the expression
“selentium and the like” means selentum and/or tellurum.

[0071] As described above, the material containing sele-
nium and platinum group elements can use, for example, the
process precipitate of an extraction residue generated fol-
lowing solvent extraction of gold from the hydrochloric acid
leachate from a decoppered slime. This decoppered slime
contains large quantities of valuable metals such as gold,
silver, platinum group elements, selentum and tellurium.
The treatment process for the slime 1s shown 1n FIG. 4. As
shown 1n the figure, the decoppered slime 1s converted to a
slurry by adding hydrochloric acid and hydrogen peroxide,
and this slurry 1s then filtered to effect a separation into a
residue containing primarily silver, and a leachate contain-
ing gold, platinum group elements, selenium and tellurium.
Following adjustment of the liquid characteristics of the
leachate, a solvent extraction 1s used to extract gold from the
leachate. The post-extraction liquid contains the residual
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platinum group elements, selenium and tellurtum. Sulfur
dioxide 1s then added to this post-extraction liquid to pre-
cipitate out the platinum group elements, selenium, and
tellurtum, which are recovered as a process precipitate.

[0072] During the reduction and precipitation of selenium
and tellurtum from the above post-extraction liquid by
addition of sultur dioxide, because tellurium has a lower
reduction potential than selentum, the tellurium precipitates
out after the precipitation of selentum, and consequently by
filtering off the selenium precipitate and then adding more
sulfur dioxide to the filtrate to precipitate out the tellurium,
the two elements can be separated and recovered. During
this reduction process, the platinum group elements precipi-
tate out with both the selentum and the tellurtum. The
present 1invention can use the selenium precipitate or the
tellurtum precipitate as the target material containing sele-
nium/tellurium and platinum group elements.

[0073] The alkali leaching of the material containing sele-
nium and platinum group elements 1s typically conducted
under an alkali concentration of at least 1 mol/L, and
concentrations within a range from 5 mol/L to 8 mol/L are
preferred. By ensuring that the alkali concentration 1s at least
1 mol/L, a strong alkali environment of at least pH 14 1s
achieved, which causes a reduction 1n the oxidation-reduc-
tion potential of selentum and tellurium, meaning selenium
and tellurtum can be dissolved mto the alkali solution at
normal pressure, without the need to use an oxidizing agent.
Because the progress of this selenium and tellurium disso-
lution reaction 1s slow at room temperature, the leaching is
typically conducted at a temperature of at least 60° C., and
preferably at a temperature of approximately 80° C.

[0074] The alkali leaching causes the selenium and tellu-
rium to be dissolved into the alkali solution, where they are
dispersed 1n colloid form. In contrast, platinum group ele-
ments such as rhodium and palladium are not dissolved and
remain in the solid phase. Filtering the resulting mixture
enables a separation into a dispersion containing selenium
and/or tellurium, and a solid fraction containing the plati-
num group elements.

[0075] Following the above solid-liquid separation, an
oxidizing agent such as hydrogen peroxide and hydrochloric
acid are added to the filtered solid fraction, thus dissolving
the platinum group elements such as platinum, palladium,
rhodium and ruthenium. The platinum group elements are
oxidized by hydrogen peroxide, and then form chloride
complexes with the chlorine ions, enabling them to be
stabilized and dissolved 1n the liquid phase. The hydrogen
peroxide 1s added in the quantity required to convert the
platinum group elements into 1ons with stable oxidation
numbers, namely, the quantity required to convert platinum
to a tetravalent form, palladium to a bivalent form, and
rhodium and ruthenium to trivalent forms. The quantity of
hydrochloric acid used 1s sufficient to generate PtCl.",
PdCl,~, RhCl.”~, and RuCl,  “respectively, as well as leave
at least 2 mol/L free hydrochloric acid. The reaction tem-
perature is typically at least 60° C. in order to accelerate the
reaction, and is typically no more than 80° C. in order to
suppress decomposition of the hydrogen peroxide, and a
temperature of approximately 70° C. is preferred. This
dissolution treatment enables a hydrochloric acid solution
containing dissolved platinum, palladium, rhodium and
ruthenium to be obtained.
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[0076] According to the second separation process of the
present invention, by subjecting a material containing sele-
nium and platinum group elements to alkali leaching at a
treatment temperature within a range from 60 to 80° C.,
selenium and tellurium can be dissolved and separated from
the platinum group elements at normal pressure, and without
the use of an oxidizing agent. Accordingly, selenium and
tellurtum can be separated easily from a process precipitate
contaming selenium and tellurium as well as platinum group
clements, and the platinum group elements can be selec-
tively recovered with a yield of 95% or higher. Moreover,
because the platinum group elements are not oxidized during
this alkali leaching, highly mnsoluble oxides such as rhodium
oxide and ruthenium oxide are not produced, meaning the
platinum group elements can be subsequently easily dis-
solved. The platinum group elements in the alkali leaching
residue can be subsequently oxidized in the presence of
hydrochloric acid, thus forming chloride complexes, and
generating a platinum group element solution. The dissolved
selenium and tellurtum are dispersed in colloid form, and
can be precipitated as metals by neutralizing the leachate,
and consequently these two metals can also be recovered
with ease. Conventional alkali leaching processes that use an
oxidizing agent require the leaching to be conducted under
pressurized conditions, and because they generate sodium
selenate and/or sodium selenite, subsequent recovery of the
selenium 1s time-consuming. In contrast, the treatment pro-
cess of the present invention enables the dissolution of
selenium and tellurium, and enables the separation of these
clements from the platinum group elements to be conducted
at normal pressure, without the use of an oxidizing agent,
meaning process control and the recovery treatment are
much ecasier.

[0077] Next is a description of a third preferred separation
process of the present invention, using FI1G. 5. As shown 1n
the figure, this third separation process of the present inven-
fion 1s a process for separating both selentum and platinum
oroup elements from a material containing selentum/tellu-
rium and platinum group elements, which comprises an
alkali leaching process (ii) for subjecting a material con-
taining selenium/tellurrum and platinum group elements to
alkali treatment at high temperature, thus separating the
material into a leachate containing selentum/tellurium and a
leaching residue containing platinum group elements, and an
alkali melt process (i) for adding a mixture of caustic soda
and sodium nitrate to a residue from a distillation treatment
of a material containing selenium and platinum group ele-
ments, subsequently heating to a temperature exceeding the
melting (eutectic) temperature of the mixture, thus dissolv-
ing the selenium/tellurium, and then performing water
leaching to separate the mixture into a leachate containing
selenium/tellurium and a leaching residue containing plati-
num group elements.

[0078] [Material Containing Selenium/Tellurium and
Platinum Group Elements]

[0079] As described above, the material containing sele-
nium/tellurium and platinum group elements can use, for
example, the reduction process precipitate of an extraction
residue generated following solvent extraction of gold from
the hydrochloric acid leachate from a decoppered slime.
This decoppered slime contains large quantities of valuable
metals such as gold, silver, platinum group elements, sele-
nium and tellurtum. Specifically, the material containing
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selenium/tellurium and platinum group elements 1s obtained
by treating the decoppered slime in the following manner.
First, the decoppered slime 1s converted to a slurry by adding
hydrochloric acid and hydrogen peroxide, and this slurry is
then filtered to separate a residue containing primarily silver
from a leachate containing gold, platinum group elements,
selenium and tellurium. Following adjustment of the liquid
characteristics of the leachate, a solvent extraction using
DBC or the like 1s used to extract gold from the leachate.
The post-extraction liquid contains the residual platinum
group elements, as well as selenium and tellurium. Sulfur
dioxide, and more specifically sulfur dioxide gas, 1s then
introduced 1nto this post-extraction liquid in a quantity
suificient to retain the selenium concentration in the liquid at
a value of 3 g/L or higher, thus reducing and precipitating the
selenium, and effecting a separation from the remaining
post-extraction liquid. Further sulfur dioxide is then intro-
duced 1nto the remaining post-extraction liquid from which
the selenium has been separated, thus reducing and precipi-
tating out the residual selentum, together with the tellurium,
which can be separated by subsequent filtration.

|0080] The third separation process of the present inven-
tion can use the post-gold extraction liquid described above
as a liquid containing selenium/tellurtum and platinum
ogroup elements. Furthermore, the separation process can use
the reduction precipitate from the above post-gold extraction
liquid, or the distillation residue generated upon subsequent
distillation, as the material containing selenium/tellurium
and platinum group elements. In addition, waste water from
a plating factory, or other solutions containing selenium/
tellurum and platinum group elements such as smelting
waste water can also be used as the material containing
selenium/tellurium and platinum group liquid.

[0081] In the reduction treatment of the above post-gold
extraction liquid, when the selenium and the tellurtum are
reduced and precipitated, because tellurium has a lower
reduction potential than selentum, the tellurium precipitates
after the precipitation of selenium, and consequently by
filtering off the selenium precipitate and then adding more
sulfur dioxide to the filtrate to precipitate the tellurium, the
two elements can be separated and recovered. During this
reduction process, the platinum group elements precipitate
together with both the selenium and the tellurium.

|0082] The materials containing selenium/tellurium and
platinum group elements obtained 1n this manner are treated
in a subsequent alkali leaching process and an alkali melt
process. In this case, the selenium that precipitates first on
reduction of the extraction residue is preferably subjected to
distillation to enable the recovery of high purity selenium,
and the residue (distillation residue) 1s subjected to alkali
melt treatment, whereas the tellurium that 1s precipitated
afterwards 1s preferably subjected to alkali leaching treat-
ment. The distillation residue includes compounds such as
palladium selenide, and 1s stable, and consequently selentum
dissolution cannot be achieved by alkali leaching. By sub-
jecting the distillation residue to alkali melt treatment, the
seclenilum can be processed eflficiently. In contrast, the
rhodium and ruthenium incorporated in the tellurium pre-
cipitate 1s of a relatively higher content than that contained
in the selenium precipitate, and consequently 1if the tellurium
precipitate 1s subjected to alkali melting, i1t 1s prone to
forming 1insoluble oxides, making the subsequent hydrochlo-
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ric acid leaching step difficult. Accordingly, the tellurtum
precipitate preferably undergoes alkali leaching treatment.

[0083] [ Alkali Melt Process]

|0084] The above material containing selenium/tellurium
and platinum group elements, such as the selentum precipi-
tate or the aforementioned selenium distillation residue
undergo alkali melt treatment. In this alkali melt treatment,
a flux comprising a mixture of caustic soda (NaOH) and
sodium nitrate (NaNQO,) is added to the selenium precipitate
or the selenium distillation residue, and the resulting mixture
1s melted by heating to a temperature exceeding the melting
point (eutectic temperature) of the flux. This heating and
melting converts the selenium to a mainly tetravalent state,
generating sodium selenite (Na,SeO;) which subsequently
dissolves. The reason for using a mixture of caustic soda and
sodium nitrate as the flux is that 1f only caustic soda 1s used,
then supply of oxygen from the atmosphere 1s inadequate,
leading to the production of sodium selenide (Na,Se), and
this sodium selenide converts to metallic selentum and
precipitates during water leaching, meaning the platinum
oroup elements and selentum cannot be physically sepa-
rated. Furthermore, if only sodium nitrate 1s used as the flux,
then the oxidizing power becomes overly strong, leading to
an 1ncrease 1n the proportion of undesirable hexavalent
selenium.

[0085] In order to reduce the melting temperature, the
composition of the flux 1s preferably close to a eutectic
composition. Specifically, the ratio of caustic soda: sodium
nitrate 1s preferably within a range from 75:25 to 85:15
(molar ratio). Furthermore, the heating temperature must be
at least the eutectic temperature of the flux (258° C.), and
because the flux must have an adequate fluidity and be
capable of leaching the selenide materials, a heating tem-
perature within a range from 350 to 450° C. is preferred. At
temperatures within this range, the sodium nitrate (NaNO,)
generates oxygen but 1s less likely to generate NOx, whereas
if the temperature exceeds the above range, the proportion of
NOx generation increases, and the oxidizing power also
strengthens, increasing the proportion of hexavalent sele-
nium.

[0086] Following addition of the above flux to the material
containing selenium and platinum group elements and sub-
sequent heating to melt the flux, the melted product is
leached with water to effect a solid-liquid separation.
Sodium selenite dissolves 1n water, whereas the platinum
ogroup elements remain 1n the residue, and consequently by
conducting water leaching of the above melt and then
filtering, the mixture can be separated into a filtrate con-
taining sodium selenite and a solid residue containing plati-
num group elements. The filtrate contains essentially no
platinum group elements, indicating an effective separation
of selenium from the platinum group elements. The platinum
ogroup elements contained in the solid residue are dissolved
by adding hydrochloric acid, together with an oxidizing
agent such as hydrogen peroxide. The resulting mixture 1s
then filtered to enable the recovery of a filtrate containing the
platinum group elements.

0087 [Alkali Leaching Process]

0088] The material containing selenium/tellurium and
platinum group elements undergoes alkali leaching treat-
ment. Alkali leaching is typically conducted under an alkali




US 2005/0255017 Al

concentration of at least 1 mol/L., and concentrations within
a range from 5 mol/L to 8 mol/L are preferred. By ensuring
that the alkali concentration 1s at least 1 mol/L, a strong
alkali environment of at least pH 14 1s achieved, which
causes a reduction in the oxidation-reduction potential of
selenium and tellurtum, meaning selenium and tellurium can
be dissolved into the alkali solution at normal pressure,
without the need to use an oxidizing agent. Because the
progress of this selenium and tellurium dissolution reaction
1s slow at room temperature, the leaching 1s typically con-
ducted at a temperature of at least 60° C., and preferably at
a temperature of approximately 80° C.

|0089] The alkali leaching causes the selenium and tellu-
rium to be dissolved into the alkali solution, where they are
dispersed 1n colloid form. In contrast, platinum group ele-
ments such as rhodium and palladium are not dissolved and
remain 1n the solid phase. Filtering the resulting mixture
enables a separation into a leachate containing selenium
and/or tellurtum, and a solid fraction containing the plati-
num group elements.

[0090] Following the above solid-liquid separation, if sul-
furic acid or hydrochloric acid 1s added to the f{iltrate
containing selenium/tellurium to effect a neutralization, a
black colored precipitate of metallic selenium and/or metal-
lic tellurium develops, and the color of the solution gradu-
ally lightens from a deep purple color, until the liquid
becomes transparent at around pH 7. The assay of this
selenium precipitate and/or tellurium precipitate 1s typically
99% or better, enabling the recovery of high quality metallic
selenium and/or metallic tellurtum. If mitric acid 1s used
instead of the sulfuric acid or hydrochloric acid, the oxidiz-
ing power of the nitric acid causes the selenium/tellurrum to
oxidize and dissolve, meaning precipitation 1s not possible.
Furthermore, the liquid temperature 1s preferably from 60 to
80° C. If neutralization is conducted at a liquid temperature
within this range, metallic selenium with good filterability
can be obtained.

[0091] An oxidizing agent such as hydrogen peroxide, and
hydrochloric acid are added to the filtered solid fraction
containing the platinum group elements, thus dissolving the
platinum group elements such as platinum, palladium,
rhodium and ruthenium. The platinum group elements are
oxidized by hydrogen peroxide, and then form chloride
complexes with the chloride 1ons, enabling them to be
stabilized and dissolved 1n the liquid phase. The hydrogen
peroxide 1s added 1n the quantity required to convert the
platinum group elements into 1ons with stable oxidation
numbers, namely, the quantity required to convert platinum
to a tetravalent form, palladium to a bivalent form, and
rhodium and ruthenium to trivalent forms. The quantity of
hydrochloric acid used 1s preferably sufficient to generate
PtCl.~, PdCl,~, RhCl,.>~, and RuCl, > respectively, as well
as leave at least 2 mol/L free hydrochloric acid. The reaction
temperature is typically at least 60° C. in order to accelerate
the reaction, and is typically no more than 80° C. in order to
suppress decomposition of the hydrogen peroxide, and a
temperature of approximately 70° C. 1s preferred. This
dissolution treatment enables a hydrochloric acid solution
containing dissolved platinum, palladium, rhodium and
ruthenium to be obtained.

[0092] As described above, by subjecting a material con-
taining selenium and platinum group elements to alkali
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leaching at a treatment temperature within a range from 60
to 80° C., selenium and tellurium can be dissolved and
separated from the platinum group eclements at normal
pressure, and without the use of an oxidizing agent. Accord-
ingly, selenium and tellurium can be separated easily from
a process precipitate containing selenium and tellurium as
well as platinum group elements, and the platinum group
clements can be selectively recovered with a yield of 95% or
higher. Moreover, because the platinum group elements are
not oxidized during this alkali leaching, highly insoluble
oxides such as rhodium oxide and ruthenium oxide are not
produced, meaning the platinum group elements can be
subsequently easily dissolved. The platinum group elements
in the leaching residue can be recovered by oxidizing in the
presence of hydrochloric acid, thus forming chloride com-
plexes, and generating a platinum group element solution.
The dissolved selenium and tellurium are dispersed in
colloid form, and can be precipitated as metals by neutral-
1zing the leachate with either sulfuric acid or hydrochloric
acid, and consequently these two metals can also be recov-
ered with ease. Conventional alkali leaching processes that
use an oxidizing agent require the leaching to be conducted
under pressurized conditions, and generate sodium selenate
and/or sodium selenite, and the presence of hexavalent
selentum means the removal of selenium from waste water
1s difficult. In contrast, the treatment process of the present
invention enables the dissolution of selenium and tellurium,
and the separation of these elements from the platinum
group elements to be conducted at normal pressure, without
the use of an oxidizing agent, meaning process control and
the recovery treatment can be completed without the gen-
eration of hexavalent selenium.

[0093] As described above, in the alkali melt process, the
selentum and/or tellurtum 1s dissolved in the water in the
form of sodium selenite or sodium tellurite, and 1s subse-
quently separated from the leaching residue that contains the
platinum group elements. However, the separated water
leachate may still contain small residual quantities of plati-
num group elements in addition to the selenium/tellurium,
and consequently the water leachate 1s preferably recycled
into the above alkali leaching process, and subjected to
alkali leaching together with the material containing sele-
nium/tellurium and platinum group elements. This recycling
treatment concentrates the selenium/tellurium.

[0094] On the other hand, the leaching residue containing
platinum group elements obtained 1n the alkali melt process
1s combined with an oxidizing agent such as hydrogen
peroxide together with hydrochloric acid, in the same man-
ner as the residue from the alkali leaching process, thus
dissolving the platinum group elements such as platinum,
palladium, rhodium and ruthenium. The platinum group
clements are oxidized by hydrogen peroxide, and then form
chloride complexes with the chlorine 10ons, enabling them to
be stably dissolved in the liquid phase. This dissolution
treatment enables a hydrochloric acid solution containing
dissolved platinum, palladium, rhodium and ruthenium to be
obtained. This chlorination treatment 1s preferably con-
ducted together with the leaching residue obtained in the
alkali leaching process.

[0095] According to the third separation process of the
present mvention, the material containing selenium/tellu-
rium and platinum group elements 1s treated using a com-
bination of an alkali leaching process, 1n which alkal1
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leaching 1s conducted at high temperature, and an alkali melt
process, 1n which a mixture of caustic soda and sodium
nitrate 1s added, and the mixture 1s melted by heating to a
temperature exceeding the melting (eutectic) temperature to
dissolve the selenium/tellurium, and as a result, the sele-
nium/tellurium and the platinum group elements can be
concentrated and almost entirely recovered, enabling an
casily-refined hydrochloric acid solution to be supplied to a
subsequent refining step, and enabling platinum group ele-
ments and selemum/tellurium to be separated simply, effi-
ciently, and at low cost, from a material containing selenium/
tellurtum and platinum group elements.

[0096] As follows is a description of a fourth preferred
separation process of the present invention, using FIG. 6.

[0097] The fourth separation process described below is a
freatment process for selenium/tellurium 1n which a sele-
nium/tellurium mixture 1s itroduced 1nto a copper smelting
and refining process to generate an alloy of selenium and
tellurum with copper, this alloy 1s subjected to copper
electrolysis to recover electrolytic copper, while accumulat-
ing selenium and tellurium within the copper electrolysis
slime, and this copper electrolysis slime 1s then subjected to
sulfuric acid oxidizing leaching to dissolve the tellurium,
thus enabling the tellurium to be separated from the sele-
nium which remains 1n the leaching residue.

[0098] More specifically, as shown by the treatment pro-
cess shown 1n FIG. 6, an aforementioned material contain-
ing selenium/tellurium and platinum group elements 1s used
as the selenium/tellurrum mixture, and as described above,
this material first passes through the alkali leaching process,
in which the mixture 1s subjected to alkali leaching at high
temperature to effect a separation 1nto a leachate containing
selenium/tellurium and a leaching residue containing plati-
num group elements. Sulfuric acid or hydrochloric acid is
then added to the leachate to neutralize the leachate and
precipitate the selenium/tellurium mixture, and this mixture
1s introduced 1nto the copper refining process to generate an
alloy of selenium and tellurtum with copper. This alloy 1s
subjected to copper electrolysis to recover electrolytic cop-
per, while accumulating selentum and tellurium within the
copper electrolysis slime, and this copper electrolysis slime
1s then subjected to sulfuric acid oxidizing leaching to elute
the tellurrum, thus enabling the tellurium to be separated
from the selenium, which remains 1n the leaching residue.

0099] [Selenium/Tellurium Mixture |

0100] In the fourth separation process of the present
mvention, the selentum/tellurium mixture can use a treated
material containing selentum/tellurium and platinum group
clements from a copper process. Specifically, the type of
material containing selentum/tellurium and platinum group
clements that was used 1n the first through third separation
processes can be used.

[0101] This material containing selenium/tellurium and
platinum group elements 1s then treated 1n the alkali leaching
process and alkali melt process described below. As was the
case 1n the above separation processes, 1n the fourth sepa-
ration process, the selenium that precipitates first on reduc-
tion of the post-extraction liquid 1s preferably subjected to
distillation to enable the recovery of high purity selenium,
and the residue (distillation residue) is subjected to alkali
melt treatment, whereas the tellurtum that 1s precipitated
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afterwards 1s preferably subjected to alkali leaching treat-
ment. The distillation residue includes compounds such as
palladium selenide, and 1s stable, and consequently selentum
dissolution cannot be achieved by alkali leaching. By sub-
jecting the distillation residue to alkali melt treatment, the
sclenium can be processed efficiently. In contrast, the
rhodium and ruthenium incorporated in the tellurium pre-
cipitate 1s of a relatively higher content than that contained
in the selenium precipitate, and consequently 1if the tellurtum
precipitate 1s subjected to alkali melting, 1t 1s prone to
forming 1insoluble oxides, making the subsequent hydrochlo-
ric acid leaching step difficult. Accordingly, the tellurtum
precipitate preferably undergoes alkali leaching treatment.

[0102] [ Alkali Leaching Process]

[0103] As described in the separation process above, the
material containing selentum/tellurium and platinum group
clements undergoes alkali leaching treatment. Alkali leach-
ing 1s typically conducted under an alkali concentration of at
least 1 mol/L, and concentrations within a range from 5
mol/L to 8 mol/L are preferred. By ensuring that the alkali
concentration 1s at least 1 mol/L, a strong alkali environment
of at least pH 14 1s achieved, which causes a reduction in the
oxidation-reduction potential of selenium and tellurium,
meaning selenium and tellurium can be dissolved into the
alkali solution at normal pressure, without the need to use an
oxidizing agent. Because the progress of this selenium and
tellurtum dissolution reaction i1s slow at room temperature,
the leaching 1s typically conducted at a temperature of at
least 60° C., and preferably at a temperature of approxi-

mately 80° C.

|0104] The alkali leaching causes the selenium and tellu-
rium to be dissolved into the alkali solution, where they are
dispersed 1n colloid form. In contrast, platinum group ele-
ments such as rhodium and palladium are not dissolved and
remain in the solid phase. Filtering the resulting mixture
enables a separation 1nto a leachate containing selenium
and/or tellurtum, and a solid fraction containing the plati-
num group elements.

[0105] The above alkali leaching may also be conducted
on a combination of the material containing selenium/
tellurum and platinum group elements, and the leachate
obtained by subjecting the residue from the aforementioned
distillation treatment to alkali melt treatment. The selenium
precipitate obtained by reduction treatment of the material
containing selenium/tellurrum and platinum group elements,
or the residue obtained from distillation treatment of this
reduced selenium precipitate 1s combined with a flux com-
prising a mixture of caustic soda (NaOH) and sodium nitrate
(NaNO;), and the resulting mixture is melted by heating to
a temperature exceeding the melting point (eutectic tem-
perature) of the flux. This heating and melting converts the
selenium to a mainly tetravalent state, generating sodium
selenite (Na,SeO;) which subsequently dissolves. This
alkali melt treatment causes the selenium/tellurium to dis-
solve, and water leaching 1s then used to separate the
mixture nto a leachate containing the selenium/tellurium,
and a leaching residue containing the platinum group ele-
ments. This leachate can be added to the alkali leaching
process ol materials containing selenium/tellurium and
platinum group elements, and subjected to alkali leaching, as
described above. Using the leachate obtained from this
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alkali melt process enables the overall selenium/tellurium
recovery rate for the entire treatment process to be
improved.

10106] Following the above solid-liquid separation of the
alkali leaching, 1f sulfuric acid or hydrochloric acid 1s added
to the f{iltrate containing selenium/tellurium to effect a
neutralization, a black colored precipitate of metallic sele-
nium and/or metallic tellurium develops, and the color of the
solution gradually lightens from a deep purple color, until
the liquid becomes transparent at around pH 7. By conduct-
ing a solid-liquid separation, a mixture of metallic tellurium
and metallic selenium can be recovered. The assay of this
selenium/tellurum mixture 1s typically 99% or better,
enabling the recovery of high quality metallic selenium
and/or metallic tellurrum. If nitric acid 1s used instead of the
sulfuric acid or hydrochloric acid, the oxidizing power of the
nitric acid causes the selenium/tellurium to oxidize and
dissolve, meaning precipitation i1s not possible. The liquid
temperature is preferably from 60 to 80° C. If neutralization
1s conducted at a liquid temperature within this range, a

selenium/tellurium mixture with good filterability can be
obtained.

[0107] In the fourth separation process of the present
mvention, the above selenium/tellurium mixture 1s intro-
duced 1nto the copper smelting and refining process to
generate an alloy of selenium and tellurium with copper, and
this alloyed copper (crude copper) then undergoes electroly-
sis to recover electrolytic copper, while the selenium and
tellurum are accumulated within the copper electrolysis
slime, together with the other insoluble components. The
copper electrolysis can be conducted under normal copper
clectrolysis conditions. The copper electrolysis yields high
purity electrolytic copper, while the selenium and tellurium
form a copper electrolysis slime with the other insoluble
components that were incorporated within the crude copper.
By subjecting this copper electrolysis slime to air oxidation
in sulfuric acid and conducting a leaching treatment (copper
removal leaching), the majority of the copper and tellurium
contained within the slime can be dissolved. Sulfuric acid
clectrolyte can be used as the sulfuric acid for this step.
Bringing the dissolved copper leachate containing tellurium
into contact with metallic copper forms copper telluride,
meaning the tellurium can be recovered as copper telluride.
From an industrial viewpoint, the dissolved copper leachate
containing tellurium 1s preferably passed through a column
packed with copper chip to recover the copper telluride. On
the other hand, the selenium remains in the leaching residue
(decoppered slime), and consequently this copper removal
leaching can be used to separate selentum and tellurium.

[0108] Following the above copper removal leaching, the
leachate containing copper and selenium 1s retuned to the
copper electrolysis step, and the copper 1s recovered as
electrolytic copper. As described above, the selenium accu-
mulates 1n the copper electrolysis slime, and consequently
by repeating the sulfuric acid oxidizing leaching (copper
removal leaching) of the copper electrolysis slime, the
selenium becomes concentrated within the decoppered
slime. Furthermore, this decoppered slime also contains
large quantities of noble metals such as gold, silver, plati-
num group elements, and lead, and consequently by con-
ducting a chlorination leaching of the decoppered slime by
introducing an oxidizing agent such as hydrogen peroxide or
chlorine gas together with hydrochloric acid or the like,

Nov. 17, 2005

these noble metals can be dissolved, and then recovered by
employing treatment processes suited to recovery of each of
the noble metal elements.

[0109] In one example of a process for recovering a noble
metal, the silver and lead contained in the slime are con-
verted to 1msoluble chlorides through the above chlorination
leaching, while the gold, platinum group elements, selenium
and tellurium are dissolved 1n the leachate, a solid-liquid
separation 1s then conducted to effect a separation into a
leaching filtrate containing gold and platinum group ele-
ments and the like, and a leaching filtered residue containing
silver and lead, and the treatment process described above 1s
then used to separate and recover silver and lead from this
silver and lead-containing residue. Furthermore, a solvent
extraction can be used to extract gold from the leaching
filtrate containing tellurium and platinum group elements
and the like, and a subsequent reduction then used to recover
the gold, while the post-extraction liquid can be subjected to
distillation treatment, the selenium and the tellurium
reduced, and the resulting reduction precipitate used to
repeat the treatment of the present invention, thus enabling
the selenium and tellurium to be concentrated, and recovered
with a good level of efficiency.

[0110] According to the fourth separation process of the
present 1nvention, a selenium/tellurium mixture i1s 1ntro-
duced 1nto a copper refining process to generate an alloy of
selenium and tellurtum with copper, and this copper alloy 1s
subjected to electrolysis to recover high purity electrolytic
copper, while the selenium and tellurium are accumulated 1n
the copper electrolysis slime, and consequently by subject-
ing this copper electrolysis slime to sulfuric acid oxidizing
leaching (copper removal leaching), the tellurium can be
dissolved 1nto the solution and separated from the selenium,
and the dissolved tellurium can be separated and recovered
through contact with metallic copper to generate copper
telluride. Furthermore, the selenium that remains in the
copper leaching residue can be separated and recovered by
reduction treatment, following the completion of noble
metal recovery processes such as a gold extraction process.

[0111] As follows is a description of a fifth preferred
separation process of the present invention, using FIG. 7. As
shown 1n FIG. 7, the fifth separation process 1s a treatment
process for separating gold from a solution containing
platinum group elements, wherein a material containing
selenium/tellurium and platinum group elements 1s sub-
jected to alkali treatment to effect a separation into a leachate
containing selentum/tellurium and a residue containing
platinum group elements, hydrochloric acid 1s added to this
residue containing the platinum group elements 1n the pres-
ence ol an oxidizing agent, a solid-liquid separation 1is
conducted, and hydroxylamine hydrochloride 1s then added
to the filtered solution containing the platinum group ele-
ments to selectively reduce and precipitate gold.

[0112] Even in this fifth separation process of the present
invention, a material containing selentum/tellurium and
platinum group elements obtained in a copper smelting
process can be used, 1n a stmilar manner to that described 1n
the first separation process.

[0113] [Alkali Treatment]

|0114] The material containing selenium/tellurium and
platinum group elements undergoes alkali treatment, and 1s
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separated 1nto a leachate containing selentum/tellurium and
a residue containing platinum group elements. As described
above, this alkali treatment can involve either an alkali
leaching process or an alkali melt process, or may include
both processes. In those cases where both the alkali leaching,
process and the alkali melt process are carried out, the
selenium that precipitates first on reduction of the afore-
mentioned post-extraction liquid i1s preferably subjected to
distillation to enable the recovery of high purity selenium,
and the residue (distillation residue) is subjected to alkali
melt treatment, whereas the tellurtum that 1s precipitated
afterwards 1s preferably subjected to alkali leaching treat-
ment. The distillation residue includes compounds such as
palladium selenide, and 1s stable, and consequently selentum
dissolution cannot be achieved by alkali leaching. By sub-
jecting the distillation residue to alkali melt treatment, the
selenilum can be processed efliciently. In contrast, the
rhodium and ruthenium incorporated in the tellurium pre-
cipitate 1s of a relatively higher content than that contained
in the selenium precipitate, and consequently 1if the tellurium
precipitate 1s subjected to alkali melting, 1t 1s prone to
forming insoluble oxides, making the subsequent hydrochlo-
ric acid leaching step difficult. Accordingly, the tellurium
precipitate preferably undergoes alkali leaching treatment.

0115] | Alkali Melting ]

0116] In the alkali leaching treatment, the selenium pre-
cipitate obtained by reduction treatment of the material
containing selenium/tellurrum and platinum group elements,
or the residue obtained from distillation treatment of this
reduced selenium precipitate 1s combined with a flux com-
prising a mixture of caustic soda (NaOH) and sodium nitrate
(NaNO,), and the resulting mixture is melted by heating to
a temperature exceeding the melting point (eutectic tem-
perature) of the flux. This heating and melting converts the
selenium to a mainly tetravalent state, generating sodium
selenite (Na,SeO;) which subsequently dissolves. This
alkali melt treatment causes the selenium/tellurium to dis-
solve, and water leaching 1s then used to separate the
mixture into a leachate containing the selenium/tellurium,
and a leaching residue containing the platinum group ele-
ments. This leachate can be added to the alkali leaching
process of materials containing selentum/tellurium and
platinum group elements, and subjected to alkali leaching, as
described above. Using the leachate obtained from this
alkali melt process enables the overall selentum/tellurium
recovery rate for the entire treatment process to be
improved.

0117] [Alkali Leaching]

0118] Alkali leaching treatment of the material contain-
ing selenium/tellurium and platinum group elements 1s typi-
cally conducted under an alkali concentration of at least 1
mol/L, and concentrations within a range from 5 mol/L to 8
mol/L are preferred. By ensuring that the alkali concentra-
tion 1s at least 1 mol/L, a strong alkali environment of at least
pH 14 1s achieved, which causes a reduction 1n the oxida-
tion-reduction potential of selentum and tellurium, meaning
selentum and tellurium can be dissolved into the alkali
solution at normal pressure, without the need to use an
oxidizing agent. Because the progress of this selenium and
tellurum dissolution reaction 1s slow at room temperature,
the leaching 1s typically conducted at a temperature of at
least 60° C., and preferably at a temperature of approxi-

mately 80° C.
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[0119] The alkali leaching causes the selenium and tellu-
rium to be dissolved into the alkali solution, where they are
dispersed 1n colloid form. In contrast, platinum group ele-
ments such as rhodium and palladium are not dissolved and
remain in the solid phase. Filtering the resulting mixture
enables a separation 1nto a leachate containing selenium
and/or tellurium, and a solid fraction containing the plati-
num group elements.

[0120] In the process of the present invention, hydroxy-
lamine hydrochloride i1s added to the solution containing the
platinum group elements obtained in the alkali treatment
described above to selectively reduce and precipitate gold.
Provided hydroxylamine hydrochloride 1s used as the reduc-
ing agent, gold can be selectively reduced and precipitated
out, even 1f the platinum group element solution 1s hydro-
chloric acidic. The quantity of hydroxylamine hydrochloride
added 1s typically within a range from 1.3 to 1.6 equivalents
relative to the quantity of gold. If this quantity 1s less than
1.3 equivalents, then the reduction of the gold 1s unsatistac-
tory, whereas 1f the quantity exceeds 1.6 equivalents, then
the platinum group elements, and particularly palladium, are
reduced together with the gold, meaning the gold cannot be
selectively recovered. The reduction temperature 1s prefer-
ably at least 60° C. At temperatures less than 60° C., the
reduction reaction 1s slow, making the process industrially
unsuitable.

[0121] Hence, according to this separation process of the
present invention, residual gold contained in a platinum
group element solution obtained by treating a material
containing selenium/tellurium and platinum group elements
can be precipitated and separated with a high level of
eficiency. Accordingly, the separation process of the present
invention 1s 1deal for use 1n a process for recovering noble
metals from a copper electrolysis slime, and 1s used for
removing gold during the step for separating and recovering
selenium/tellurium and platinum group elements from the
reduction precipitate generated during reduction of a post-
oold extraction liquid.

10122] FIG. 8A, FIG. 8B and FIG. 8C are process
drawings showing outlines of the separation processes of the
present 1nvention, showing the steps within a preferred
combination of the first through fifth separation processes ot
the present mvention.

[0123] As shown in FIG. 8, it 1s evident that by combining
the preferred separation processes described above, sele-
nium, tellurium, platinum group elements, and gold and the
like can be easily separated from a decoppered slime, and
more particularly from a material containing selenium/
tellurtum and platinum group elements that has been sepa-
rated from a decoppered slime.

[0124] Specifically, the first separation process corre-
sponds substantially to the steps in FIG. 8B from NaOH
melting through to water leaching and filtration, and the
second separation process corresponds substantially to the
steps from NaOH elution through to filtration. Furthermore,
the steps from NaOH elution through to filtration, and the
steps from NaOH melting through to water leaching and
filtration also correspond substantially to the third separation
process. The fourth separation process corresponds to the
steps from copper smelting through to tellurtum removal in
FIG. 8C. The fifth separation process corresponds substan-
tially to the steps in F1G. 8B from NaOH leaching through
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to filtration, and the steps for subjecting the leachate con-
taining selenium/tellurium, obtained in the steps from NaOH
melting through to water leaching and filtration, to chlori-
nation, filtration, and subsequent gold removal and filtration.

[0125] As follows, a series of examples and comparative
examples of the present invention are described. Unless
stated otherwise, the units % refer to % by weight (wt %)
values.

EXAMPLE 1

[0126] Using 20 g of a platinum group element-containing
material, comprising palladium selenide as the primary
component, as a raw material, 21.7 g of caustic soda and
11.5 g of sodium nitrate were mixed with the raw material,
and the mixture was heated for 2 hours at 400° C., forming
a melt. Following cooling of the melt, 500 ml of water was
added, and the mixture was stirred for one hour and then
filtered. 97.4% of the selenium from the above raw material
had been leached into the filtrate. Furthermore, platinum and
palladium were not detected 1n the filtrate. The quantity of
hexavalent selenium 1n the filtrate was less than 10%.
Meanwhile, the filtered residue was repulped with 3N
hydrochloric acid, and was then oxidized with hydrogen
peroxide. As a result, 95% of the palladium and 99% or
oreater of the platinum were leached into the solution.

EXAMPLE 2

[0127] With the exception of using 20.3 ¢ of caustic soda
and 14.4 g of sodium mnitrate, the same method as the
example 1 was used to heat and melt 20 g of the platinum
oroup clement-containing material comprising palladium
selenide as the primary component, and then subject this
melt to water leaching and filtering. The leaching rate of
selentum 1nto the filtrate was 98.2%. Platinum and palla-
dium were not detected i1n the filtrate. Furthermore, the
proportion of hexavalent selenium 1n the filtrate was less
than 10%. Meanwhile, when the filtered residue was
repulped with 3N hydrochloric acid, and then oxidized with
hydrogen peroxide, the leaching rate of palladium into the
solution was 95%, and the leaching rate for platinum was
99% or greater.

EXAMPLE 3

[0128] With the exception of using 23.0 g of caustic soda
and 8.6 ¢ of sodium nitrate, the same method as the example
1 was used to heat and melt 20 g of the platinum group
clement-containing material comprising palladium selenide
as the primary component, and then subject this melt to
water leaching and filtering. The leaching rate of selenium
into the filtrate was 97.2%. Platinum and palladium were not
detected 1n the filtrate. Furthermore, the proportion of
hexavalent selentum 1n the filtrate was less than 10%.
Meanwhile, when the filtered precipitate was repulped with
3N hydrochloric acid, and then oxidized with hydrogen
peroxide, the leaching rate of palladium into the solution
was 95%, and the leaching rate for platinum was 99% or
greater.

EXAMPLE 4

10129] Following repulping of 5 kg of decoppered elec-
trolysis slime 1n 5 L of hydrochloric acid and 2 L of water,
hydrogen peroxide was added gradually to the mixture, and
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the temperature of the liquid was maintained at 70° C. to
effect oxidizing leaching. Following cooling, the chlorina-
tion leaching residue was filtered, the acid concentration of
the filtrate was adjusted, and the filtrate was mixed with 1.5
L of dibutyl carbitol, thus extracting the gold into the dibutyl
carbitol. The respective concentration levels within the
post-extraction liquid were 30 mg/L for gold, 58.9 ¢/L for
selenium, 15 mg/L for platinum, and 172 mg/L for palla-
dium. Sulfur dioxide gas was bubbled through this liquid to
reduce the selenium at a liquid temperature of 80° C., and
following cooling, the liquid was filtered. 901 g of this
selenium precipitate was distilled in the atmosphere at 750°
C. to separate the selenium, and when the 6.9 ¢ of distillation
residue was recovered and assayed, it was found to contain
45.2% of palladium, 4.2% of platinum, 15.3% of gold, and
34.2% of selentum. 5.7 g of caustic soda and 3.0 g of sodium
nitrate were added to this distillation residue, and the same
method as the example 1 was then used to heat and melt the
mixture, and then subject this melt to water leaching and
filtering. The leaching rate of selenium into the filtrate was
98.4%. Platinum and palladium were not detected 1n the
filtrate. Furthermore, the proportion of hexavalent selenium
in the filtrate was less than 10%. Meanwhile, when the
filtered precipitate was repulped with 3N hydrochloric acid,
and then oxidized with hydrogen peroxide, the leaching rate
of palladium into the solution was 95%, and the leaching
rate for platinum was 99% or greater.

COMPARAITIVE EXAMPLE 1

[0130] With the exception of replacing the mixture of
caustic soda and sodium nitrate with 27 g of only caustic
soda, the same method as the example 1 was used to heat and
melt the platinum group element-containing material com-
prising palladium selenide as the primary component, and
then subject this melt to water leaching and filtering. The
leaching rate of selenium 1nto the filtrate was 33.6%, much
lower than the value observed in the example 1. Platinum
and palladium were not detected in the filtrate. Furthermore,
the quantity of hexavalent selenium 1n the filtrate was less
than 10%. Meanwhile, when the filtered residue was
repulped with 3N hydrochloric acid, and then oxidized with
hydrogen peroxide, the leaching rate of palladium into the
solution was 95%, and the leaching rate for platinum was
99% or greater.

COMPARAITIVE EXAMPLE 2

[0131] With the exception of replacing the mixture of
caustic soda and sodium nitrate with 57.6 ¢ of only sodium
nitrate, the same method as the example 1 was used to heat
and melt the platinum group element-containing material
comprising palladium selenide as the primary component,
and then subject this melt to water leaching and filtering. The
leaching rate of selenium 1nto the filtrate was 98.5%. Plati-
num and palladium were not detected 1n the filtrate. How-
ever, the quantity of hexavalent selenium 1 the filtrate was
25%, much higher than the value observed 1n the example 1.
Meanwhile, when the filtered residue was repulped with 3N
hydrochloric acid, and then oxidized with hydrogen perox-
ide, the leaching rate of palladium into the solution was
95%, and the leaching rate for platinum was 99% or greater.

EXAMPLE 5

[0132] When 1 kg of a material containing selenium and
platinum group elements (Se: 65%, Te: 30%, Pd: 5%, Pt:
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0.5%, Rh: 0.2%, and Ru: 0.4%) was mixed with 10 L of a
5 mol/L caustic soda solution, and then heated to 80° C. and
held at that temperature for 1 hour, the majority of the
material dissolved, yielding a dark purple colored liquid.
The liquid was cooled and filtered, and 65 g of residue was
recovered. Analysis of this residue revealed the platinum
oroup elements Pd, Pt, Rh and Ru as the primary compo-
nents, and the assay results were Pd: 80%, Pt: 8%, Rh: 3%,
and Ru: 6%. The filtrate was a solution containing Se: 65 g/L.
and Te: 30 g/L, although no platinum group elements were
detected.

EXAMPLE 6

[0133] When 1 kg of a material containing selenium and
platinum group elements (Se: 65%, Te: 30%, Pd: 5%, Pt:
0.5%, Rh: 0.2%, and Ru: 0.4%) was mixed with 10 L of a
5 mol/L caustic soda solution, and then heated to 80° C. and
held at that temperature for 1 hour, the majority of the
material dissolved, yielding a dark purple colored liquid.
The liquid was cooled and filtered, and 65 g of residue was
recovered. The filtrate was a solution containing Se: 65 g/L
and Te: 30 g/L, although no platinum group elements were
detected. Analysis of the residue revealed the platinum
group elements Pd, Pt, Rh and Ru as the primary compo-
nents, and the assay results were Pd: 80%, Pt: 8%, Rh: 3%,
Ru: 6%. This residue was repulped 1n 400 ml of hydrochloric
acid and 100 ml of water, and with the liquid temperature
held at 70° C., 120 ml of hydrogen peroxide was added
oradually. Following completion of the hydrogen peroxide
addition, the liquid was cooled and filtered, and when the

filtrate was analyzed, it was found to contain Pd: 74 g/L, Pt:
7 g/L, Rh: 2.8 ¢/L., and Ru: 5.5 g/L.

EXAMPLE 7

[0134] With the exceptions of altering the concentration of
the caustic soda solution to 1 mol/L, and extending the
heating retention time to 5 hours, alkali leaching was con-
ducted 1n the same manner as the example 5. As a result, 75
o of residue was recovered. The primary components within
the residue were Pd, Pt, Rh and Ru, and the assay results
were Pd: 67%, Pt: 7%, Rh: 3%, and Ru: 5%. The filtrate was
a solution containing Se: 63 ¢/LL and Te: 28 g/L, although no
platinum group elements were detected.

EXAMPLE &

[0135] With the exceptions of altering the concentration of
the caustic soda solution to 8 mol/L, and setting the heating
temperature to 60° C., alkali leaching was conducted in the
same manner as the example 5. As a result, 65 g of residue
was recovered. The primary components within the residue
were Pd, Pt, Rh and Ru, and the assay results were Pd: 77%,
Pt: 8%, Rh: 3%, and Ru: 6%. The filtrate was a solution
containing Se: 64 ¢/I. and Te: 29 g/L, although no platinum
ogroup elements were detected.

COMPARAITVE EXAMPLES 3 AND 4

[0136] With the exception of altering the concentration of
the caustic soda solution to 0.5 mol/L, alkali leaching was
conducted 1n the same manner as the example 5, but the
selenium and tellurium did not dissolve, and the platinum
oroup elements could not be separated from the selenium
and tellurium (comparative example 3).
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[0137] Furthermore, with the exception of setting the
reaction temperature to room temperature, alkali leaching
was conducted 1n the same manner as the example 5, but the
selenium and tellurium did not dissolve, and the platinum
oroup elements could not be separated from the selenium
and tellurium (comparative example 4).

EXAMPLE 9

[0138] 600 g of a distillation residue (selenium precipitate
distillation residue; primary component: palladium selenide)
of a reduction precipitate obtained by reduction treatment of
the post-gold extraction liquid from a copper electrolysis
slime was mixed with 651 g of caustic soda and 345 g of
sodium nitrate, and then allowed to react for 2 hours at 400°
C. Following cooling, 15 L of water was added to the
crucible, and the resulting mixture was then stirred for 1
hour and filtered, yielding 15 L of filtrate and 348 g of a
filtered residue. The concentration of Se 1n the filtrate was
10.4 ¢/L., indicating a leaching rate of 97.4% for the sele-
nium from the distillation residue. Platinum and palladium
were not detected 1n the leachate. Furthermore, the propor-
tion of hexavalent selenium 1n the liquid was less than 10%.
Analysis of the composition of the filtered residue revealed
platinum group elements as the primary components, and

the respective concentration levels were Pd 44%, Pt 5%, Rh
0.3%, and Ru 1.0%.

[0139] Next, when 1 kg of the tellurium precipitate (Se
65%, Te 30%, Pd 5%, Pt 0.5%, Rh 0.2%, Ru 0.4%) from the
above reduction precipitate was mixed with 10 L of a caustic
soda solution (concentration 5 mol/L), and then held at 80°
C. for 1 hour, the solution turned a dark purple color. The
liquid was then cooled and filtered, yielding 10 L of filtrate
and 65 ¢ of filtered residue. Analysis of the composition of
the filtered precipitate revealed platinum group elements as
the primary components, and the respective concentration
values were Pd 80%, Pt 8%, Rh 3%, and Ru 6%. The Se
concentration 1n the filtrate was 65 ¢/L. and the Te concen-
tration was 30 g/L, although no platinum group elements
were detected.

[0140] Next, the filtered residue was mixed, 3N hydro-
chloric acid was added and the mixture was repulped, and
then hydrogen peroxide was introduced at 70° C. to effect
oxidation. The resulting mixture was filtered, and the con-
centration levels of the platinum group elements within the
resulting hydrochloric acidic solution (filtrate) were Pd 95
o/L. (95%), Pt 8.5 g/1. (99%), Rh 3.2 g/L. (95%), and Ru 0.5
o/l (at least 95%) (wherein the values in parentheses are
leaching rates).

EXAMPLE 10

[0141] With the exception of using 609 g of caustic soda
and 432 ¢ of sodium nitrate, the same method as the example
9 was used to subject 600 g of a selenium distillation residue
to heating and alkali melting, and the resulting melt was
subsequently subjected to water leaching and then filtering.
The leaching rate of selenium into the {filtrate was 98.2%.
Platinum and palladium were not detected in the filtrate.
Furthermore, the proportion of hexavalent selenium in the
filtrate was less than 10%. Analysis of the composition of the
filtered residue revealed platinum group elements as the
primary components, and the respective concentration were

Pd 45%, Pt 5%, Rh 1%, and Ru 2%.
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[0142] Next, when 1 kg of the tellurium precipitate from
the above reduction precipitate was mixed with 10 L of a
caustic soda solution (concentration 5 mol/L), and then held
at 80° C. for 1 hour, the solution turned a dark purple color.
The liquid was then cooled and filtered, yielding 10 L of
filtrate and 65 g of filtered residue. The Se concentration in
the filtrate was 65 g/L. and the Te concentration was 30 g/L,
although no platinum group elements were detected. Analy-
sis of the composition of the filtered precipitate revealed
platinum group elements as the primary components, and
the respective concentration values were Pd 80%, Pt 8%, Rh

3%, and Ru 6%.

[0143] Next, the filtered residue were mixed, 2 L of
hydrochloric acid and 500 ml of water were added and the
mixture was repulped. With the liquid temperature main-
tained at 70° C., 360 ml of hydrogen peroxide was added
oradually to effect oxidation. Following completion of the
hydrogen peroxide addition, the mixture was cooled and

filtered. The concentration of the platinum group elements
within the resulting filtrate were Pd 81 ¢/L., Pt 7 ¢/1., Rh 2.1

o/, and Ru 2.4 g/L.

EXAMPLE 11

[0144] The leachate (filtrate) obtained in the alkali leach-
ing of the example 9 was held at 80° C., and as the filtrate
was neutralized by adding sulfuric acid, a black precipitate
began to appear, until the liquid become transparent at
around pH 7. The precipitate was filtered off and recovered,
and analysis of the composition revealed 68% metallic
selentum and 31% metallic tellurium.

EXAMPLE 12

10145] With the exception of using hydrochloric acid
instead of sulfuric acid, the example 11 was repeated, and a
similar assay of metallic selemium and metallic tellurium
was obtained.

COMPARATIVE EXAMPLE 5

10146] 1 kg of a tellurium precipitate was mixed with 1085
g of caustic soda and 575 ¢ of sodium nitrate, and then
allowed to react for 2 hours at 400° C., in the same manner
as the selenium distillation residue of the example 9. Fol-
lowing cooling, 25 L of water was added to the crucible, and
the resulting mixture was then stirred for 1 hour and filtered,
and the concentrations within the filtrate indicated a leaching
rate of 97.4 wt % for Se and 98.1% for Te. Platinum and
palladium were not detected in the filtrate. The filtered
residue was mixed, 3N hydrochloric acid was added and the
mixture was repulped, and then hydrogen peroxide was
introduced at 70° C. to effect oxidation. The resulting
mixture was filtered, and the concentration levels and leach-
ing rates of the platinum group elements within the resulting
hydrochloric acidic solution (filtrate) were Pd 95 g/1. (95%),
Pt 8.5 g/I. (95%), Rh 1.3 g/I. (39%), and Ru 1.5 g/L. (14%)
(wherein the values in parentheses are leaching rates),
indicating a significant decrease 1n the leaching rates for Rh
and Ru 1n comparison with the example 9.

COMPARATIVE EXAMPLE 6

10147] Instead of subjecting the selenium distillation resi-
due from the example 9 to alkali melting, 1 kg of the same
selentum distillation residue was combined with 10 L of 5
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mol/L caustic soda solution and the temperature was main-
tained at 80° C., but the selenium underwent almost no
dissolution.

EXAMPLE 13

[0148] When a material containing selenium/tellurium and
platinum group elements (Se 65%, Te 30%, Pd 5%, Pt 0.5%,

Rh 0.2%, and Ru 0.4%) comprising 1 kg of a selenium/
tellurtum reduction precipitate was mixed with 10 L of a 5
mol/L caustic soda solution and then held at 80° C. to
conduct alkali leaching, the majority of the material dis-
solved, yielding a dark purple colored liquid. The liquid was
cooled and filtered, and 65 ¢ of residue was recovered. The
filtrate contained Se: 65 g/LL and Te: 30 g/L, although no
platinum group elements were detected. With the tempera-
ture held at 80° C., sulfuric acid (50% concentration) was
added, and when neutralization was continued to pH 7, a
black colored powder precipitated. The composition of this
precipitate was Se: 68.5%, Te: 31.5%. Furthermore, the
concentrations of Se and Te left in the filtrate were 530 ppm
and 210 ppm respectively. The precipitate was introduced
into a copper smelting process, electrolytic refining was
conducted, and the anode slime was leached 1nto the sulfuric
acidic electrolyte, with air bubbled through the electrolyte.
The majority of the Te within the anode slime was dissolved,
and the Te assay of the slime following leaching was 0.5%.
Furthermore, because Se 1s not dissolved, no Se was
detected 1n the leachate, and the Se assay of the slime
following leaching was 8.3%. The leachate was passed
through a column packed with copper chip, thus recovering
the Te m the liquid as copper telluride. Furthermore, the
residual Se and gold 1n the slime was dissolved by hydro-
chloric acid oxidizing leaching, and following solvent
extraction of the gold, sultur dioxide was 1ntroduced 1nto the
post-extraction liquid to reduce and recover the selenium.
Analysis of the composition of the above alkali leaching
residue revealed the platinum group elements Pd, Pt, Rh and
Ru as the primary components, and the respective assay
values were Pd 80%, Pt 8%, Rh 3%, and Ru 6%. This
residue was repulped with 2 L of hydrochloric acid and 500
ml of water, and with the liquid temperature maintained at
70° C., 360 ml of hydrogen peroxide was added gradually.
Following completion of the hydrogen peroxide addition,
the mixture was cooled and filtered, and subsequent analysis
of the resulting filtrate revealed concentration levels of Pd

81 g/L, Pt 7 g/, Rh 2.1 g/L, and Ru 2.4 g/L.

EXAMPLE 14

[0149] 600 g of a distillation residue (Se: 50%, Pd: 40%,
Pt: 3%, Rh: 1%, and Ru: 2%) obtained by reducing the
post-gold extraction liquid from a copper electrolysis slime
and then performing distillation treatment was mixed with
651 ¢ of caustic soda and 345 g of sodium nitrate, and then
allowed to react for 2 hours at 400° C. to effect alkali
melting. Following cooling, when 15 L of water was added
to the mixture, and the resulting mixture was then stirred for
1 hour and then filtered, 97.4% of the selentlum had been
leached into the filtrate, whereas platinum and palladium
were not detected. Furthermore, the proportion of hexava-
lent selenium 1n the liquid was less than 10%.

EXAMPLE 15

[0150] To 1 kg of a tellurium precipitate, obtained by
introducing further sulfur dioxide gas 1nto the liquid remain-
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ing following separation of the selenium precipitate in the
example 14, was added 10 liters of a 5 mol/L caustic soda
solution, and when alkali leaching was conducted with the
temperature maintained at 80° C., the majority of the pre-
cipitate dissolved, and the solution turned a dark purple
color. The liquid was then cooled and filtered, yielding a
residue of 65 g. Analysis of the residue revealed the plati-
num group elements Pd, Pt, Rh and Ru as the primary
components. This residue was repulped 1n 2 liters of hydro-
chloric acid and 500 ml of water, and with the liquid
temperature held at 70° C., 360 ml of hydrogen peroxide was
added gradually. Following completion of the hydrogen
peroxide addition, the liquid was cooled and filtered. Analy-
sis of the filtrate revealed Pd 81 g/L, Pt 7 g/L., Rh 2.1 ¢/L,
Ru 2.4 ¢/, and Au 3.8 g/L.. 6.1 ¢ of hydroxylamine
hydrochloride was added to the solution as a reducing agent,
and the mixture was reacted for 1 hour at 60° C. Following
cooling, reanalysis of the noble metals 1n the solution
revealed no changes in the dissolved quantities of Pd, Pt, Rh
and Ru, but the quantity of dissolved gold had decreased to
0.05 g/L, indicating that Au had been selectively reduced.

COMPARAITTVE EXAMPLE 7

[0151] When the example 15 was repeated and hydrazine
was used as the reducing agent, the Pd and Pt was reduced
together with Au, meaning Au could not be separated from
the platinum group elements.

INDUSTRIAL APPLICABILITY

[0152] A separation process of the present invention
enables metals including the platinum group elements Pt,
Rh, Ir and Ru, as well as selenium, tellurium, gold, silver and
copper and the like contained 1n, for example, the insoluble
residue by-product that forms 1n the electrolyte during the
copper electrolysis step of a copper smelting and refining
process, to be separated and recovered simply, efficiently,
and at low cost.

1. A separation process for platinum group elements
comprising;

a step (A) for treating a material containing selenium/
tellurtum and platinum group elements with alkali,

a step (B) for leaching selenium/tellurium, and

a step (C) for separating a platinum group element-
containing leaching residue and a selentum/tellurium
leachate.

2. A separation process according to claim 1, wherein

said step (A) for treating a material containing selenium/
tellurtum and platinum group elements with alkali 1s a
step 1n which a flux comprising a mixture of caustic
soda and sodium nitrate 1s added to said material
containing selenium/tellurium and platinum group ele-
ments, and a resulting mixture 1s melted by heating to
a temperature exceeding a eutectic temperature of said
flux,

said step (B) for leaching selenium/tellurium is a step for
leaching an obtained melt with water, and

said step (C) for separating said platinum group element-
containing leaching residue and said selentum/tellu-
rium leachate 1s a step for conducting a solid-liquid
separation using water leaching, thus separating a mix-
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ture nto a liquid fraction containing sodium selenite,
and a residue containing platinum group elements.

3. A separation process according to claim 2, wherein

a molar ratio between said caustic soda and said sodium
nitrate 1s within a range from 75:25 to 85:15.

4. A separation process according to claim 2, wherein

hydrogen peroxide and hydrochloric acid are added to
said residue containing platinum group elements to
dissolve said platinum group elements.

5. A separation process according to claim 2, wherein

said material containing selenium/tellurium and platinum
ogroup elements 1s an extraction residue process pre-
cipitate left after a solvent extraction has been used to
separate gold from a hydrochloric acid leachate from a
decoppered slime.

6. A separation process according to claim 2, wherein

said material containing selenium/tellurium and platinum
ogroup elements 1s a distillation residue produced by
converting a decoppered slime to a slurry by adding
hydrochloric acid and hydrogen peroxade, filtering said
slurry to effect a separation into a leaching residue
containing primarily silver, and a leachate containing
oold, platinum group elements, selenium and tellurium,
subsequently adjusting liquid characteristics of said
leachate and then using a solvent extraction to separate
oold from said leachate, adding sultur dioxide to a
post-gold extraction liquid to sequentially reduce and
precipitate out selenium and then tellurium, and then
heating said precipitated material containing platinum
oroup elements and selenium to concentrate the plati-
num group elements, while distilling and separating oft
selenium.

7. A separation process according to claim 1, wherein

said step (A) for treating a material containing selenium/
tellurtum and platinum group elements with alkali, and
said step (B) for leaching selenium/tellurium are con-
ducted simultancously as an alkali leaching process, 1n
which said material containing selenium/tellurrum and
platinum group elements 1s leached with alkali at high
temperature, causing selenium/tellurium to migrate
into an alkali liquid, and a solid-liquid separation 1s
then conducted to separate a resulting mixture mnto a
solid fraction containing platinum group elements, and
a liquid fraction containing selenium/tellurium.

8. A separation process according to claim 7, wherein

hydrochloric acid and an oxidizing agent are added to a
separated solid fraction generated 1n said solid-liquid
separation, thus dissolving said platinum group ele-
ments.

9. A separation process according to claim 7, wherein

said material containing selenium/tellurium and platinum
oroup elements 1s leached with alkali at high tempera-
ture, causing tellurium to migrate into said alkali liquid
with selenium, thus effecting a separation from said
platinum group elements.

10. A separation process according to claim 7, wherein

said material containing selenium/tellurium and platinum
ogroup elements 1s leached using an alkali concentration
of at least 1 mol/L, at a temperature of at least 60° C.
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11. A separation process according to claim 7, wherein

hydrochloric acid and either hydrogen peroxide or chlo-
rine gas are added to said solid fraction from said
solid-liquid separation performed after said alkali
leaching, thus dissolving said platinum group elements.

12. A separation process according to claim 7, wherein

said platinum group elements comprise one or more of
rhodium, ruthenium, palladium and platinum.

13. A separation process according to claim 7, wherein

said material containing selenium/tellurtum and platinum
group elements 1s an extraction residue process pre-
cipitate left after a solvent extraction has been used to
separate gold from a hydrochloric acid leachate from a
decoppered slime.

14. A separation process according to claim 7, wherein

said material containing selenium/tellurium and platinum
group elements 1s a filtered precipitate oduced by
converting a decoppered slime to a slurry by adding
hydrochloric acid and hydrogen peroxide, filtering said
slurry to effect a separation mto a leaching residue
containing primarily silver, and a leachate containing
oold, platinum group elements, selenium and tellurium,
subsequently adjusting liquid characteristics of said
leachate and then using a solvent extraction to separate
oold from said leachate, adding sulfur dioxide to a
post-extraction liquid to precipitate either selenium/
tellurtum, and then subjecting said precipitate to solid-
liquid separation.

15. A separation process according to claim 7, compris-

Ing:

an alkali melt process (1), comprising a step for adding a
flux comprising a mixture of caustic soda and sodium
nitrate to a residue from a distillation treatment of a
material containing selenium/tellurium and platinum
group elements, and then heating to a temperature
exceeding a melting (eutectic) temperature of said
mixture, thus dissolving said selenium/tellurium, as
said step (A) for conducting said alkali treatment, a step
for conducting water leaching as said step (B) for
leaching selenium/tellurium, and further comprising
said step (C) for separating said platinum group ele-
ment-containing leaching residue and said selenium/
tellurrum leachate, and

an alkali leaching process (i1), comprising a step for
leaching a material containing selenium/tellurrum and
platinum group elements with alkali at high tempera-
ture as said step (A) for conducting said alkali treat-
ment and said step (B) for leaching selenium/tellurium,
and further comprising said step (C) for separating said
platinum group element-containing leaching residue
and said selentum/tellurrum leachate.

16. A separation process according to claim 15, wherein

a solution containing selenium/tellurium and platinum
ogroup elements 1s subjected to a reduction treatment,
and a residue generated by subjecting a portion of a
resulting reduction precipitate to distillation treatment
1s then subjected to alkali melt treatment, while remain-
ing reduction precipitate 1s subjected to alkali leaching
treatment.

17
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17. A separation process according to claim 15, wherein

sulfur dioxide gas 1s introduced 1nto a post-gold extraction
liquid of a noble metal recovery system for copper
clectrolysis slime to effect a reduction treatment, and a
residue, generated by subjecting a selenium that pre-
cipitates first to distillation to effect a separation of high
purity selenium, 1s subjected to alkali melt treatment,
whereas a tellurtum that precipitates next i1s subjected
to alkali leaching treatment.

18. A separation process according to claim 15, wherein

a leachate obtained in said water leaching of said alkali
melt process 1s recycled to said alkali leaching process,
and subjected to alkali leaching together with a material
containing selenium/tellurium and platinum group ele-
ments.

19. A separation process according to claim 15, wherein

a leachate obtained 1n said alkali leaching process 1s
neutralized by adding sulfuric acid or hydrochloric
acid, thus precipitating selenium/tellurium.

20. A separation process according to claim 15, wherein

hydrochloric acid 1s added to a leaching residue generated
in said alkali leaching process and said alkali melt
process 1n presence of an oxidizing agent, thus dissolv-
ing said platinum group elements.

21. A separation process according to claim 1, wherein

a selenium/tellurium mixture 1s obtained from said sele-
nium/tellurium leachate, and said obtained selenium/
tellurtum mixture 1s then introduced into a copper
smelting and refining process to generate an alloy of
selenium and tellurtum with copper, said alloy 1s sub-
jected to copper electrolysis to recover electrolytic
copper, while accumulating selenium and tellurium
within a copper electrolysis slime, and said copper
clectrolysis slime 1s then subjected to sulfuric acid
oxidizing leaching, thus dissolving and separating tel-
luritum 1n a leachate from selenium 1n a leaching
residue.

22. A separation process according to claim 7, wherein

a selenium/tellurium mixture i1s obtained by adding sul-
furic acid or hydrochloric acid to a selenium/tellurium
leachate obtained 1n said alkali leaching process, thus
neutralizing said leachate and precipitating said sele-
nium/tellurium mixture, and said obtained selenium/
tellurum mixture 1s then introduced 1nto a copper
refining process to generate an alloy of selenium and
tellurtum with copper, said alloy 1s subjected to copper
electrolysis to recover electrolytic copper, while accu-
mulating selentum and tellurium within a copper elec-
trolysis slime, and said copper electrolysis slime 1s then
subjected to sulfuric acid oxidizing leaching, thus dis-
solving and separating tellurtum in a leachate from
selenium 1n a leaching residue.

23. A separation process according to claim 15, wherein

a selenium/tellurium mixture 1s obtained by adding a
selentum/tellurium leachate obtained in said alkali melt
process to a material containing selenium/tellurium and
platinum group elements used 1n said alkali leaching
process, subsequently conducting alkali leaching, and
then adding sulfuric acid or hydrochloric acid to a
resulting leachate to neutralize said leachate and pre-
cipitate said selenium/tellurium mixture, and said
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obtained selenium/tellurium mixture is then 1ntroduced
into a copper smelting and refining process to generate
an alloy of selenium and tellurtum with copper, said
alloy 1s subjected to copper electrolysis to recover
clectrolytic copper, while accumulating selentum and

tellurtum within a copper electrolysis slime, and said
copper electrolysis slime 1s then subjected to sulfuric
acid oxidizing leaching, thus dissolving and separating
tellurtum 1n a leachate from selenium 1n a leaching
residue.

24. A separation process according to claim 21, wherein

said material containing selenium/tellurium and platinum
group elements 1s a reduction precipitate produced by
introducing sulfur dioxide gas into a post-gold extrac-
tion liquid and conducting a reduction treatment.

25. A separation process according to claim 21, wherein

following a leaching of tellurium by sulfuric acid oxidiz-
ing leaching of said copper electrolysis slime, a result-
ing leachate 1s contacted with metallic copper, gener-
ating copper telluride which 1s subsequently recovered.

26. A separation process according to claim 1, wherein

hydrochloric acid 1s added to said platinum group ele-
ment-containing leaching residue 1n presence of an
oxidizing agent, a solid-liquid separation 1s conducted,
and hydroxylamine hydrochloride 1s then added to a
resulting filtered platinum group element-containing
solution to selectively reduce and precipitate gold.

13
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27. A separation process according to claim 26, wherein

alkali treatment of a material containing selenium/tellu-
rium and platinum group elements 1s conducted at high
temperature.

28. A separation process according to claim 2, wherein

hydrochloric acid 1s added to said residue containing
platinum group elements 1n presence of an oxidizing
agent, a solid-liquid separation 1s conducted, and
hydroxylamine hydrochloride 1s then added to a result-
ing filtered platinum group element-containing solution
to selectively reduce and precipitate gold.

29. A separation process according to claim 26, wherein

a post-gold extraction liquid of a noble metal recovery
system for copper electrolysis slime 1s used as a mate-
rial containing selenium/tellurium and platinum group
clements, and sulfur dioxide gas 1s introduced 1nto said
post-gold extraction liquid to effect a reduction treat-
ment, and a distillation residue generated by subjecting
a selentum that precipitates first to distillation to effect
a separation of high purity selenium 1s subjected to
alkali melt treatment to separate a residue containing,
platinum group elements, whercas a tellurium that
precipitates on further sulfur dioxide gas introduction
into said post-gold extraction liquid 1s subjected to
alkali leaching treatment to separate a residue contain-
ing platinum group elements, and said residues con-
taining platinum group elements are then combined and
used.
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